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SUMMARY 
E a r l i e r w o r k i n m o d e l i n g t r a f f i c f l o w o f t h e s o r t t r e a t e d h e r e 
h a s e s t a b l i s h e d t h a t a n a l y t i c a l m o d e l s a r e t o o l i m i t e d b u t t h a t t h e 
g e n e r a l t e c h n i q u e o f s t o c h a s t i c e v e n t s i m u l a t i o n i s f r u i t f u l . S e v e r a l 
t r a f f i c s i m u l a t i o n m e t h o d o l o g i e s h a v e e v o l v e d . T h i s r e s e a r c h c o m p a r e s 
a n d c o n t r a s t s t h e m e t h o d o l o g i e s i n o r d e r t o p r o v i d e i n s i g h t i n t o f u t u r e 
a r e a s o f m o d e l r e s e a r c h a n d d e v e l o p m e n t . 
F o u r c o m p u t e r m o d e l s , r e p r e s e n t i n g d i f f e r e n t s t r a t e g i e s f o r 
s i m u l a t i n g u r b a n v e h i c u l a r t r a f f i c f l o w , w e r e p r o g r a m m e d a n d t e s t e d . 
W e b s t e r ' s e x p e r i m e n t a l m o d e l was u s e d t o v a l i d a t e e a c h s i m u l a t i o n m o d e l 
f o r a n i s o l a t e d i n t e r s e c t i o n . 
A s e r i e s o f t e s t s w e r e c o n d u c t e d t o d e t e r m i n e t h e s i g n i f i c a n c e o f 
m o d e l t y p e , n e t w o r k c o n f i g u r a t i o n a n d f l o w r a t e . A s t a t i s t i c a l l y s i g ­
n i f i c a n t d i f f e r e n c e i n t h e d e l a y p r e d i c t i o n s o f t h e m o d e l s w a s f o u n d . 
A l t h o u g h t h e t i m e - d e p e n d e n t c h a r a c t e r i s t i c s o f d e l a y p r e d i c t i o n s o b ­
t a i n e d f r o m t h e v a r i o u s m o d e l s a p p e a r e d t o f o l l o w t h e same p a t t e r n , t h e 
m a g n i t u d e s o f d e l a y p r e d i c t e d b y t h e m o d e l s d i f f e r e d s i g n i f i c a n t l y . 
A d d i t i o n a l t e s t s w e r e r u n o n s e l e c t e d m o d e l s t o i n v e s t i g a t e some 
s e c o n d a r y c o n s i d e r a t i o n s . The s c a n t i m e i n t e r v a l s e l e c t e d w a s f o u n d t o 
s i g n i f i c a n t l y a f f e c t d e l a y p r e d i c t i o n s . A l t h o u g h t h e r e s u l t s r e g a r d i n g 
m o d e l p r e l o a d i n g w e r e n o t c o n c l u s i v e , e v i d e n c e i n d i c a t e d t h a t n e t w o r k 
p r e l o a d i n g s h o u l d r e s u l t i n r e d u c e d c o m p u t a t i o n t i m e f o r l a r g e c o n g e s t e d 
s y s t e m s . The c o r r e l a t i o n b e t w e e n d e l a y s o b s e r v e d i n d i f f e r e n t t i m e 
periods appeared to be restricted to a one-cycle lag. However, more 
research is warranted before results in this area can be used to indi­




-The d e s i g n o r i m p r o v e m e n t o f t r a f f i c c o n t r o l s y s t e m s d e p e n d s o n 
a m o d e l t h a t s i m u l a t e s t h e r e l e v a n t f e a t u r e s o f t h e v e h i c u l a r f l o w a n d 
t h e c o n t r o l l i n g m e c h a n i s m . E a r l i e r w o r k i n m o d e l i n g t r a f f i c f l o w o f t h e 
s o r t t r e a t e d h e r e h a s e s t a b l i s h e d t h a t a n a l y t i c a l m o d e l s a r e t o o l i m i t e d 
b u t t h a t t h e g e n e r a l t e c h n i q u e o f s t o c h a s t i c e v e n t s i m u l a t i o n i s f r u i t ­
f u l . S e v e r a l t r a f f i c s i m u l a t i o n m e t h o d o l o g i e s h a v e e v o l v e d . T h e i r 
p i e c e m e a l d e v e l o p m e n t a n d r e p o r t i n g i n t h e l i t e r a t u r e t e n d t o make t h e i r 
d i s t i n c t i o n s a n d i n t e r r e l a t i o n s h i p s o b s c u r e , a n d i t i s t h i s s i t u a t i o n 
t h a t c r e a t e s t h e n e e d f o r t h e r e s e a r c h r e p o r t e d i n t h e p r e s e n t t h e s i s . 
P u r p o s e o f R e s e a r c h 
T h e p u r p o s e o f t h i s r e s e a r c h i s t o c o m p a r e and. c o n t r a s t e x i s t i n g 
m e t h o d o l o g i e s i n t h e s i m u l a t i o n o f t r a f f i c f l o w . I t i s h o p e d t h a t t h e s e 
s t u d i e s w i l l p r o v i d e a means o f e v a l u a t i n g t h e r e l a t i v e m e r i t s o f t h e s e 
d i f f e r e n t s t r a t e g i e s . By i d e n t i f y i n g t h e s t r e n g t h s a n d w e a k n e s s e s o f 
t h e d i f f e r e n t t e c h n i q u e s , i n s i g h t i n t o f u t u r e a r e a s o f m o d e l r e s e a r c h 
a n d d e v e l o p m e n t s h o u l d b e r e a l i z e d . 
L i m i t a t i o n s a n d S c o p e 
T h e r e s e a r c h i s l i m i t e d t o m o d e l s o f t r a f f i c f l o w i n u r b a n 
v e h i c u l a r n e t w o r k s w i t h s p e c i f i c e m p h a s i s o n m o d e l s u s e d t o e v a l u a t e 
t r a f f i c c o n t r o l a l t e r n a t i v e s . S p e c i f i c a l l y e x c l u d e d f r o m t h i s r e s e a r c h 
2 
i s t h e w o r k d o n e i n t h e a r e a s o f o p e n r o a d s i m u l a t i o n a n d f r e e w a y 
d e s i g n . A l t h o u g h t h e f u n d a m e n t a l m o d e l i n g t e c h n i q u e s a r e s i m i l a r , d i f ­
f e r e n t s y s t e m c o n f i g u r a t i o n s a n d v e h i c u l a r b e h a v i o r c h a r a c t e r i s t i c s a r e 
c o n s i d e r e d . ( F r e e w a y a n d o p e n r o a d m o d e l s t y p i c a l l y h a v e l o n g e r r o a d w a y 
s e g m e n t s a n d s p e c i a l i n t e r s e c t i o n g e o m e t r y w h e r e p a s s i n g a n d m e r g i n g 
m o v e m e n t s a r e c o n s i d e r e d . ) 
F o u r d i f f e r e n t m o d e l s , r e p r e s e n t i n g b a s i c m o d e l i n g s t r a t e g i e s , 
a r e c o m p a r e d w i t h r e s p e c t t o t h r e e d i f f e r e n t t r a f f i c s i t u a t i o n s — t h e 
i s o l a t e d i n t e r s e c t i o n , a n u r b a n a r t e r i a l f l o w a n d a m e d i u m - s i z e d c l o s e d 
n e t w o r k . E a c h s i t u a t i o n i s f u r t h e r s t r a t i f i e d t o t e s t t h e e f f e c t s o f 
t r a f f i c v o l u m e s o n m o d e l p e r f o r m a n c e . L i g h t , m e d i u m a n d h e a v y s e r v i c e 
v o l u m e s a r e c o n s i d e r e d f o r e a c h s y s t e m c o n f i g u r a t i o n . 
O b j e c t i v e s 
The p r i m a r y o b j e c t i v e o f t h i s r e s e a r c h i s t h e i d e n t i f i c a t i o n , 
i s o l a t i o n , c o m p a r i s o n a n d e v a l u a t i o n o f d i f f e r e n t s i m u l a t i o n m e t h o d o l o ­
g i e s a s a p p l i e d t o t r a f f i c f l o w . C o n s i d e r a t i o n i s g i v e n t o m o d e l s i z e , 
c o m p u t a t i o n s p e e d , f l e x i b i l i t y a n d r e s p o n s e p r e d i c t i o n . B o t h d y n a m i c 
a n d s t a t i c b e h a v i o r o f t h e m o d e l s a r e c o m p a r e d . 
As a s e c o n d a r y o b j e c t i v e , t h r e e t a c t i c a l p r o b l e m s o f t r a f f i c 
s i m u l a t i o n w e r e i n v e s t i g a t e d . F i r s t , d i f f e r e n t m o d e l s a n d s i t u a t i o n s 
a r e t e s t e d t o e v a l u a t e m o d e l i n i t i a l i z a t i o n a n d w a r m - u p . P r e l o a d i n g o f 
t h e r o a d w a y i s i n v e s t i g a t e d f o r t w o o f t h e m o d e l s c o n s i d e r e d . N e x t t h e 
t i m e - s c a n i n t e r v a l o f t w o m o d e l s i s v a r i e d t o t e s t t h e s e n s i t i v i t y o f 
s i m u l a t i o n r e s p o n s e a n d c o m p u t a t i o n t i m e t o t h i s p a r a m e t e r . F i n a l l y , 
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t h e d y n a m i c o u t p u t o f t h e m o d e l s i s i n v e s t i g a t e d t o a n a l y z e i t s e f f e c t 
o n t o t a l s i m u l a t i o n r u n n i n g t i m e . 
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CHAPTER I I 
N u m b e r s e n c l o s e d i n p a r e n t h e s e s i n d i c a t e r e f e r e n c e s l i s t e d i n 
t h e B i b l i o g r a p h y o f C i t e d L i t e r a t u r e . 
L ITERATURE SURVEY 
I n t h e l a s t t w o d e c a d e s , d i g i t a l s i m u l a t i o n o f v e h i c u l a r t r a f f i c 
f l o w h a s a t t r a c t e d c o n s i d e r a b l e i n t e r e s t among t r a f f i c f l o w t h e o r i s t s 
a n d p r a c t i t i o n e r s . A r e v i e w o f a l l t h e l i t e r a t u r e t h a t h a s b e e n p u b ­
l i s h e d i n t h i s a r e a i s b e y o n d t h e s c o p e o f t h i s s t u d y . A p p e n d e d t o t h i s 
t h e s i s i s a b i b l i o g r a p h y o f r e l e v a n t l i t e r a t u r e w h i c h r e p r e s e n t s t h e 
m a j o r i t y o f a v a i l a b l e l i t e r a t u r e i n t h i s a r e a . T h i s r e v i e w w i l l c o n c e n ­
t r a t e o n o u t l i n i n g t h e g e n e r a l a r e a s o f t r a f f i c s i m u l a t i o n a n d t h e d i f ­
f e r e n t s i m u l a t i o n a p p r o a c h e s w h i c h h a v e b e e n e m p l o y e d . 
S i m u l a t i o n S i t u a t i o n s 
T r a f f i c f l o w s i m u l a t i o n c a n b e d i v i d e d i n t o t h r e e b a s i c a r e a s : 
i n t e r s e c t i o n m o d e l s , n e t w o r k s i m u l a t i o n a n d f r e e w a y o r h i g h w a y m o d e l s . 
I n t e r s e c t i o n S i m u l a t i o n 
C o n s i d e r a b l e e f f o r t h a s b e e n d e v o t e d s i n c e 19 56 t o t h e s i m u l a t i o n 
o f t h e i n d i v i d u a l i n t e r s e c t i o n . T h e w o r k o f G o o d e , P o l l m a r a n d W r i g h t 
( 1 8 ) r e p r e s e n t s t h e p i o n e e r i n g c o n t r i b u t i o n . A s i n g l e f o u r - l e g g e d 
i n t e r s e c t i o n w i t h a f i x e d - t i m e t r a f f i c s i g n a l was m o d e l e d . T u r n i n g 
m o v e m e n t s w e r e p e r m i t t e d a n d l e f t - t u r n i n g v e h i c l e s c h e c k e d t h e a p p r o a c h ­
i n g t r a f f i c f o r a n a c c e p t a b l e g a p b e f o r e t u r n i n g . T h e r o a d w a y w a s 
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r e p r e s e n t e d b y a s t r i n g o f b i n a r y d i g i t s i n d i c a t i n g t h e p r e s e n c e o r 
a b s e n c e o f a v e h i c l e . E v e r y q u a r t e r s e c o n d t h e v e h i c l e s w e r e e x a m i n e d 
t o s e e i f t h e y c o u l d b e a d v a n c e d . 
N e x t , t w o s e p a r a t e s t u d i e s o f i n t e r s e c t i o n s i m u l a t i o n w e r e p e r ­
f o r m e d b y B e n h a r d ( 2 ) a n d L e w i s ( 2 7 ) i n 1 9 5 9 . T h e s e s t u d i e s d e a l t w i t h 
t h e s i m u l a t i o n o f a n i n t e r s e c t i o n o f t w o t w o - l a n e s t r e e t s w i t h a c t u a t e d 
s i g n a l c o n t r o l . T h e m o d e l s w e r e g r e a t l y s i m p l i f i e d , h o w e v e r , i n t h a t 
t u r n i n g a n d p a s s i n g w e r e p r o h i b i t e d . 
L e w i s c o n t i n u e d h i s w o r k i n i n t e r s e c t i o n s i m u l a t i o n w i t h t h e 
d e v e l o p m e n t o f a s e c o n d m o d e l ( 2 8 ) . T h i s m o d e l was d e v e l o p e d t o d e t e r ­
m i n e v o l u m e w a r r a n t s f o r i n t e r s e c t i o n c o n t r o l . Two t y p e s o f i n t e r s e c ­
t i o n c o n t r o l w e r e s t u d i e d : t h e t w o - w a y s t o p s i g n a n d t h e s e m i - a c t u a t e d 
s i g n a l . The m o d e l p e r m i t t e d b o t h t u r n i n g a n d p a s s i n g m a n e u v e r s a n d 
p a r k i n g was a c c o m m o d a t e d o n t h e m i n o r s t r e e t . The i n d i v i d u a l a p p r o a c h e s 
w e r e r e p r e s e n t e d b y a o n e - d i m e n s i o n a l c o o r d i n a t e s y s t e m a n d v e h i c l e s 
w e r e p e r m i t t e d t o a s s u m e a n y d e s i r e d p o s i t i o n a l o n g t h e a p p r o a c h . 
E x t e n s i v e c a r - f o l l o w i n g r u l e s w e r e d e v e l o p e d f o r u s e w i t h t h e m o d e l . A 
s c a n t i m e o f o n e s e c o n d was e m p l o y e d . 
K e l l ( 2 3 , 2 4 ) c o n s t r u c t e d m o d e l s t o s t u d y i n t e r s e c t i o n d e l a y f o r 
t w o - w a y s t o p , f i x e d - t i m e a n d v e h i c l e - a c t u a t e d i n t e r s e c t i o n s . The t r a f ­
f i c v o l u m e s w e r e v a r i e d a n d t h e r e s u l t i n g d e l a y s w e r e c o m p a r e d f o r e a c h 
c o n t r o l m e t h o d . A d d i t i o n a l r u n s w e r e made a t s e l e c t e d v o l u m e s t o d e t e r ­
m i n e t h e e f f e c t o f t u r n i n g m a n e u v e r s o n i n t e r s e c t i o n d e l a y . B y c o n c e n t r a ­
t i n g o n t i m e r e l a t i o n s h i p s among t h e v e h i c l e s , a n e v e n t s c a n p r o g r a m w a s 
d e v e l o p e d w h i c h b o a s t e d a 7 0 0 0 : 1 r a t i o o f r e a l t i m e t o s i m u l a t i o n t i m e . 
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G e r l o u g h a n d W a g n e r ( 1 6 ) d e v e l o p e d a m o d e l t o s t u d y t r a f f i c p e r ­
f o r m a n c e a t a n i s o l a t e d i n t e r s e c t i o n . A c o n t i n u o u s s p a c i n g r e p r e s e n t a ­
t i o n s i m i l a r t o L e w i s ' s was a d o p t e d . Many d r i v e r c h a r a c t e r i s t i c s w e r e 
r e p r e s e n t e d b y p r o b a b i l i t y d i s t r i b u t i o n s . A v e h i c l e ' s f o l l o w i n g b e h a v ­
i o r w a s d i c t a t e d b y a r e c i p r o c a l s p a c i n g m o d e l . I n t h i s m o d e l a c c e l e r a ­
t i o n ( d e c e l e r a t i o n ) was p r o p o r t i o n a l t o r e l a t i v e s p e e d a n d i n v e r s e l y 
p r o p o r t i o n a l t o s p a c i n g . A s c a n t i m e b e t w e e n 0 . 2 5 a n d 0 . 5 s e c o n d s was 
p e r m i t t e d . 
A f t e r h a v i n g p e r f o r m e d e x t e n s i v e f i e l d w o r k t o o b t a i n r e l e v a n t 
d i s t r i b u t i o n s r e g a r d i n g t h e m o d e l s , T h o m a s s o n ( 3 6 ) a n d W r i g h t ( 4 3 ) s i m u ­
l a t e d s t o p s i g n c o n t r o l l e d i n t e r s e c t i o n s , t w o - w a y a n d f o u r - w a y , r e s p e c ­
t i v e l y . S p e c i f i c e m p h a s i s w a s p l a c e d o n d r i v e r r e a c t i o n t i m e a n d l a g 
a n d g a p a c c e p t a n c e . 
A p p a r e n t l y t h e l a t e s t p u b l i s h e d w o r k i n t h e a r e a o f i n t e r s e c t i o n 
s i m u l a t i o n a s o f e a r l y 1 9 7 4 was r e p o r t e d b y B a r n e s ( 1 ) i n 1 9 7 1 . T h e 
p r i m a r y g o a l o f h i s r e s e a r c h w a s t o f o r m u l a t e g e n e r a l m o d e l s o f s e v e n 
b a s i c t y p e s o f i n t e r s e c t i o n s r a n g i n g f r o m a f o u r - w a y s t o p m o d e l t o a 
f o u r - l a n e , t w o - l a n e s i g n a l i z e d m o d e l w i t h t w o t u r n l a n e s . T h e s e m o d e l s 
w e r e w r i t t e n i n GPSS, a g e n e r a l p u r p o s e s i m u l a t i o n l a n g u a g e . 
N e t w o r k S i m u l a t i o n 
As s o o n a s i n i t i a l e f f o r t s w e r e c o m p l e t e d o n s i m p l e i n t e r s e c t i o n 
s i m u l a t i o n s , r e s e a r c h w o r k e r s b e g a n t o c o n s i d e r t h e p r o b l e m s o f s i m u ­
l a t i n g a p o r t i o n o f a n u r b a n t r a n s p o r t a t i o n n e t w o r k . Goode a n d T r u e 
( 1 9 ) c o m b i n e d f o u r s i n g l e - i n t e r s e c t i o n m o d e l s t o f o r m t h e f i r s t n e t w o r k 
m o d e l . A n o s c i l l o s c o p e was u s e d t o d i p l a y t h e m o v e m e n t o f v e h i c l e s 
t h r o u g h t h e n e t w o r k . 
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I n 1 9 6 1 , S t a r k ( 3 5 ) d e v e l o p e d a m o d e l f o r a n i n e - b l o c k s e c t i o n 
o n 1 3 t h S t r e e t , N . W . , W a s h i n g t o n , D . C. The m o d e l r e p r e s e n t e d a c o m b i ­
n a t i o n o f s i g n a l - c o n t r o l l e d a n d s t o p - s i g n - c o n t r o l l e d i n t e r s e c t i o n s . 
A d d i t i o n a l l y , v e h i c l e s w e r e a l l o w e d t o p a s s a s w e l l a s a c c e l e r a t e a n d 
d e c e l e r a t e . A t o t a l o f 37 m a i n r o u t i n e s , s u b r o u t i n e s a n d t a b l e l o o k - u p 
r o u t i n e s w e r e i n c l u d e d i n t h e m o d e l . The r o a d w a y w a s d i v i d e d i n t o 1 2 -
f o o t u n i t b l o c k s . P o s i t i o n i n g c o u l d b e s p e c i f i e d t o t h e n e a r e s t l / 1 0 0 t h 
o f a b l o c k . T h e r o a d w a y w a s u p d a t e d e v e r y q u a r t e r o f a s e c o n d . 
K a t z ( 2 2 ) a n d G e r l o u g h a n d W a g n e r ( 1 3 ) r e p o r t e d t h e i n i t i a l 
d e v e l o p m e n t o f TRANS, t h e f i r s t g e n e r a l n e t w o r k s i m u l a t o r , i n 1 9 6 3 . 
TRANS w a s w r i t t e n t o e v a l u a t e t h e e f f e c t s o f d i f f e r e n t t r a f f i c s i g n a l 
s e t t i n g s i n some s p e c i f i e d r e g i o n o f a l a r g e n e t w o r k . The i n i t i a l 
e x p e r i m e n t was o n a s e c t i o n o f W a s h i n g t o n , D. C , w h i c h c o n t a i n e d 80 
s i g n a l i z e d i n t e r s e c t i o n s . A m a c r o s c o p i c v i e w o f v e h i c l e b e h a v i o r was 
a d o p t e d . The s i m u l a t i o n s c a n i n t e r v a l i n d i c a t e d w a s f i v e s e c o n d s . 
T r a f f i c l a n e s w e r e d i v i d e d i n t o z o n e s . T h e l e n g t h o f a z o n e w a s s u c h 
t h a t a c a r m o v i n g a t f r e e s p e e d m o v e d f r o m o n e z o n e t o t h e n e x t i n o n e 
t i m e p e r i o d . 
F r a n c i s a n d L o t t ( 1 1 ) h a v e r e p o r t e d a n o t h e r m o d e l d e v e l o p e d f o r 
s i m u l a t i n g a g e n e r a l n e t w o r k . T h i s p r o g r a m was a p p l i e d t o a s e r i e s o f 
n i n e t r a f f i c s i g n a l s a l o n g a m a i n t r a f f i c r o u t e i n C e n t r a l L o n d o n . A l ­
t h o u g h g e n e r a l i n s t r u c t u r e , t h e m o d e l was n o t c a p a b l e o f h a n d l i n g l a r g e 
n e t w o r k s s u c h a s t h e W a s h i n g t o n , D. C . a p p l i c a t i o n . 
D u r i n g t h a t same y e a r , a t h i r d n e t w o r k m o d e l w a s r e p o r t e d b y R h e e 
( 3 2 ) . A l t h o u g h f e w d e t a i l s o f t h i s m o d e l a r e a v a i l a b l e , i t seems q u i t e 
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s i m i l a r t o t h e TRANS m o d e l . 
GPSS h a s found numerous a p p l i c a t i o n s i n ne twork s i m u l a t i o n . 
Blum ( 4 ) p r o p o s e d t h a t i n t e r s e c t i o n modules be u sed a s g e n e r a l i z e d 
b u i l d i n g b l o c k s f o r t h e f o r m a t i o n of any ne tw or k c o n f i g u r a t i o n . T h i s 
i n i t i a l work was expanded ( 5 ) u n t i l now i t i s a g e n e r a l p u r p o s e ne tw or k 
model c a p a b l e of u s e f u l a p p l i c a t i o n t o p r a c t i c a l p r o b l e m s . I n 1 9 6 6 , 
S c h w a r t z ( 3 4 ) u t i l i z e d GPSS I I i n programming a g e n e r a l p u r p o s e n e t w o r k 
m o d e l , which was a p p l i e d t o a segment of downtown B o s t o n . Voskoglov and 
Wheeler ( 3 7 ) a l s o made u s e of GPSS t o s t u d y t h e e f f e c t s of p r o p o s e d 
p a r k i n g f a c i l i t i e s a d j a c e n t t o t h e U n i v e r s i t y of M i s s o u r i campus . A l ­
t h o u g h t h i s model r e p r e s e n t e d a ne twork a p p l i c a t i o n , t h e model d e v e l o p e d 
was n o t a g e n e r a l - p u r p o s e m o d e l . 
S a k a i and Nagao (33 ) p r o d u c e d a model t o s i m u l a t e l a r g e n e t w o r k s . 
T h i s p rogram was f i e l d t e s t e d on a s m a l l a r e a of K y o t o , J a p a n . A t r a f ­
f i c d i s p l a y b o a r d was c o n s t r u c t e d f o r t h i s e x p e r i m e n t t o p r o v i d e a v i s u ­
a l means of v a l i d a t i n g t h e m o d e l . The model d i v i d e d t h e roadway i n t o 
5 0 - m e t e r b l o c k s c a p a b l e o f c o n t a i n i n g a number of v e h i c l e s . The number 
of v e h i c l e s advanced was r e l a t e d t o a t r a n s f e r f u n c t i o n and depended on 
r e l a t i v e d e n s i t y . A s c a n i n t e r v a l of f o u r s e c o n d s was u t i l i z e d . 
The l a t e s t ne twork model i s r e p o r t e d by L i e b e r m a n , W o r r a l l and 
Bruggeman ( 2 9 ) and i s c a l l e d UTCS-1. I t i s a m i c r o s c o p i c s i m u l a t i o n 
model d e s i g n e d t o e v a l u a t e u r b a n t r a f f i c c o n t r o l s y s t e m s . The c a p a b i l i ­
t i e s of t h e model i n c l u d e t h e a b i l i t y t o model v e h i c l e - p e d e s t r i a n c o n ­
f l i c t s , b u s r o u t e and bus s t o p a c t i o n , and i n t e r s e c t i o n s p i l l - b a c k . 
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Freeway and Highway S i m u l a t i o n 
C o n c u r r e n t w i t h t h e deve lopmen t of i n t e r s e c t i o n and ne tw or k 
models was t h e i n v e s t i g a t i o n of f r eeway t r a f f i c f l o w . Ger lough ( 1 2 ) 
r e p o r t e d t h e f i r s t a p p l i c a t i o n of s i m u l a t i o n t o f r eeway t r a f f i c . He 
s t u d i e d a q u a r t e r - m i l e s e c t i o n of one -way , t w o - l a n e t r a f f i c . Each c a r 
had a p r e f e r r e d v e l o c i t y , which was m a i n t a i n e d when p o s s i b l e . C a r s 
t r a v e l i n g be low t h e i r d e s i r e d speed were p e r m i t t e d t o p a s s s l o w e r v e h i ­
c l e s . As i n e a r l i e r i n t e r s e c t i o n work , a s e r i e s of b i n a r y d i g i t s i n d i ­
c a t e d p o s i t i o n i n g a l o n g t h e roadway . 
The Midwest R e s e a r c h I n s t i t u t e ( 1 7 ) u t i l i z e d s i m u l a t i o n t o s t u d y 
t h e i n t e r c h a n g e d e s i g n p r o b l e m . A c t u a l d a t a from f o u r Ch icago i n t e r ­
c h a n g e s were u s e d . Gap a c c e p t a n c e d e c i s i o n s were d e t e r m i n e d by d i s t r i ­
b u t i o n s e m p i r i c a l l y d e r i v e d . The f r eeway was d i v i d e d i n t o a s e r i e s of 
b l o c k s 17 f e e t l o n g . Dur ing each s e c o n d of s i m u l a t i o n t i m e , b a s i c r u l e s 
of advancement were checked t o d e t e r m i n e t h e new p o s i t i o n of t h e v e h i ­
c l e . 
Wohl (M-l) d i s c u s s e d t h e f reeway merge r p rob l em a s an i l l u s t r a t i v e 
example o f s i m u l a t i o n a p p l i c a t i o n . H i s b a s i c model d i f f e r s c o n s i d e r a b l y 
from t h a t of t h e Midwest R e s e a r c h I n s t i t u t e i n t h a t i t was more c o n ­
c e r n e d w i t h t i m e s p a c i n g t h a n w i t h a c t u a l p o s i t i o n . 
Howat ( 2 1 ) d e v e l o p e d a model t o i n v e s t i g a t e t h e d r i v e r - a u t o m o b i l e 
i n t e r a c t i o n s w i t h r e s p e c t t o o v e r t a k i n g , f o l l o w i n g and p a s s i n g on t h e 
open r o a d . A d e c i s i o n t a b l e was used f o r m o d e l i n g d r i v e r b e h a v i o r . I n 
1 9 6 6 , C a s s e l ( 8 ) a l s o s t u d i e d o v e r t a k i n g and p a s s i n g on t h e open r o a d . 
D r i v e r s were p e r m i t t e d t o a b o r t a p a s s i n g a t t e m p t and a c c i d e n t s c o u l d 
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o c c u r i f t h e a u t o m o b i l e c o u l d n o t r e s p o n d q u i c k l y enough t o new c o n d i ­
t i o n s . 
Buhr , B e s s e r o l e and Drew ( 7 ) r e p o r t e d t h e s i m u l a t i o n of a s e c t i o n 
of f reeway w i t h m u l t i p l e on and o f f r a m p s . The model was g e n e r a l i n 
n a t u r e and c o u l d be a p p l i e d t o d i f f e r e n t s i t u a t i o n s . The o v e r a l l s t r u c ­
t u r e o f t h e p rogram i s s i m i l a r t o t h a t of t h e Midwest R e s e a r c h I n s t i t u t e . 
However , of p a r t i c u l a r i n t e r e s t i n t h e s t u d y was t h e u s e of a p r e - l o a d e d 
r o a d w a y . 
Model ing P h i l o s o p h i e s 
I n h e r e n t i n t h e s i m u l a t i o n models d e v e l o p e d t o d a t e and i n t h e 
f o u r models t o b e d e s c r i b e d i n t h e n e x t c h a p t e r a r e d i f f e r e n t p h i l o s o ­
p h i e s f o r p e r f o r m i n g t h e a c t u a l s i m u l a t i o n p r o c e d u r e . I t i s t h e p u r p o s e 
o f t h i s t h e s i s t o i d e n t i f y t h e s e p h i l o s o p h i e s and t o e s t a b l i s h t h e i r 
e f f e c t s on model p e r f o r m a n c e , s p e e d and s i z e . B e f o r e d e s c r i b i n g t h e 
models t h a t were s t u d i e d , d i f f e r e n t methods of d e l i n e a t i o n w i l l be r e ­
viewed . 
P h y s i c a l R e p r e s e n t a t i o n Ve r sus Memorandum R e p r e s e n t a t i o n 
Ger lough (14 ) was one of t h e f i r s t r e s e a r c h e r s t o a t t e m p t t o 
c l a s s i f y d i f f e r e n t m o d e l i n g a p p r o a c h e s . He d i v i d e d t h e t h e n e x i s t i n g 
models i n t o two g e n e r a l c a t e g o r i e s — p h y s i c a l r e p r e s e n t a t i o n and memo­
randum r e p r e s e n t a t i o n . 
With t h e p h y s i c a l r e p r e s e n t a t i o n a p p r o a c h , one o r more b i n a r y 
d i g i t s a r e a s s i g n e d t o r e p r e s e n t s t a t i c l o c a t i o n b l o c k s i n a r o a d w a y . 
The d a t a c o n t a i n e d i n t h e s e b l o c k s can r e p r e s e n t p r e s e n c e , p o s i t i o n and 
p o s s i b l y s i z e of a v e h i c l e on a s p e c i f i c segment of r o a d w a y . A r e a s of 
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computer memory a r e o r g a n i z e d t o r e p r e s e n t t h e ne tw or k b e i n g s t u d i e d . 
V e h i c l e s a r e advanced by m a n i p u l a t i n g t h e d a t a i n t h e s t a t i c l o c a t i o n 
b l o c k s . 
The memorandum method f o c u s e s a t t e n t i o n on t h e i n d i v i d u a l v e h i ­
c l e s . The c h a r a c t e r i s t i c s and s t a t u s of t h e v e h i c l e form t h e b a s i c u n i t 
of t h e d a t a s t r u c t u r e . V e h i c l e s a r e advanced by c h a n g i n g t h e v a l u e s of 
s p e c i f i c s t a t u s v a r i a b l e s such a s v e l o c i t y and p o s i t i o n a c c o r d i n g t o 
some p r e s c r i b e d l o g i c . 
Time S c a n n i n g M e t h o d o l o g i e s 
For t h e p u r p o s e s of t h i s t h e s i s , a more u s e f u l d e l i n e a t i o n can 
be o b t a i n e d by e x p a n d i n g t h e work o f K e l l ( 2 6 ) . K e l l emphas ized t h e 
i m p o r t a n c e of t h e t i m e s c a n n i n g me thodo logy by f i r s t c l a s s i f y i n g t h e 
models a s e i t h e r f i x e d t i m e s c a n n i n g o r n e x t e v e n t s c a n n i n g . Then he 
d i v i d e d t h e f i x e d t i m e s c a n n i n g models i n t o mode l s which u t i l i z e d a 
d i s c r e t e roadway r e p r e s e n t a t i o n and t h o s e employ ing a c o n t i n u o u s roadway 
r e p r e s e n t a t i o n . 
With t h e f i x e d t i m e s c a n m e t h o d o l o g y , t h e s t a t e of t h e s y s t e m 
b e i n g s i m u l a t e d i s examined a t r e g u l a r i n t e r v a l s of t i m e . V e h i c l e p o s i ­
t i o n and m o t i o n c h a r a c t e r i s t i c s a r e t h e n u p d a t e d and t h e p r o c e s s r e p e a t e d 
a t t h e n e x t p o i n t i n t i m e . The a c t u a l p o s i t i o n of t h e v e h i c l e may have 
a d i s c r e t e r e p r e s e n t a t i o n , c a u s i n g t h e v e h i c l e t o move a l o n g t h e roadway 
by jumping from one p o i n t t o a n o t h e r , o r i t may c l o s e l y a p p r o x i m a t e a 
c o n t i n u o u s r e p r e s e n t a t i o n . 
The e v e n t s c a n me thodo logy r e l a t e s t h e a c t i o n s of v e h i c l e s t o 
s p e c i f i c p o i n t s i n t i m e . Examples of t h e s e e v e n t s a r e s y s t e m e n t r a n c e , 
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queue j o i n i n g , i n t e r s e c t i o n e n t r a n c e and t u r n c o m p l e t i o n . S i n c e each 
e v e n t c o n s i d e r e d i n t h e s c a n n i n g p r o c e d u r e h a s some known o r d e t e r m i n ­
a b l e p o s i t i o n a s s o c i a t e d w i t h i t , t h e s e q u e n c e of e v e n t s d e t e r m i n e s t h e 
s e q u e n c e of v e h i c l e p o s i t i o n s . P o s i t i o n , t h e r e f o r e , d o e s n o t need t o be 
d e f i n e d , and t h e e v e n t t i m e of o c c u r r e n c e d e s c r i b e s t h e n e c e s s a r y s p a c e / 
t i m e r e l a t i o n s h i p s of v e h i c l e s . 
The models d e s c r i b e d i n t h i s t h e s i s can be c l a s s i f i e d a c c o r d i n g 
t o K e l l ' s scheme. Three f i x e d t i m e s c a n n i n g models a r e d e s c r i b e d which 
u t i l i z e d i f f e r e n t methods of r e p r e s e n t i n g t h e v e h i c l e / r o a d w a y r e l a t i o n ­
s h i p . The f i n a l model i s c h a r a c t e r i s t i c o f t h e e v e n t s c a n n i n g me thod­
o l o g y . 
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CHAPTER I I I 
DESCRIPTION OF THE MODELS 
Common F e a t u r e s of t h e Models 
A number of f e a t u r e s were common t o m o s t , i f n o t a l l , of t h e 
models d e v e l o p e d i n t h i s r e s e a r c h . A d e s c r i p t i o n of t h e s e f e a t u r e s w i l l 
p r e c e d e d e t a i l e d d i s c u s s i o n s of t h e i n d i v i d u a l m o d e l s . 
The G e n e r a l Form of t h e Network 
S i n c e i t was d e s i r e d t o be a b l e t o s i m u l a t e a v a r i e t y o f d i f f e r ­
e n t s i t u a t i o n s , a g e n e r a l form of ne twork r e p r e s e n t a t i o n was a d o p t e d . 
I n a l l f o u r mode l s a t r a f f i c ne twork i s c o n s i d e r e d t o b e a s e t of links 
and nodes. A node r e p r e s e n t s a t r a f f i c i n t e r s e c t i o n , a t r a f f i c s o u r c e 
o r a t r a f f i c s i n k . A l i n k i s a u n i d i r e c t i o n a l r o a d segment be tween two 
ne twork n o d e s . T h e r e f o r e , a one-way s t r e e t be tween two i n t e r s e c t i o n s 
would b e r e g a r d e d a s a s i n g l e l i n k w h i l e a p a i r o f l i n k s would be n e c e s ­
s a r y t o r e p r e s e n t a two-way c o n n e c t i n g s t r e e t . F i g u r e 1 shows an i l l u s ­
t r a t i v e ne twork c o n s i s t i n g of 12 nodes and 24 l i n k s . 
Network nodes a r e c l a s s i f i e d a s e i t h e r e x t e r n a l n o d e s o r i n t e r n a l 
n o d e s . The e x t e r n a l nodes a c t a s t r a f f i c s o u r c e s and s i n k s and may n o t 
r e p r e s e n t a c t u a l ne twork i n t e r s e c t i o n s . I n F i g u r e 1 nodes 1 t h r o u g h 8 
a r e e x t e r n a l n o d e s . The i n t e r n a l nodes r e p r e s e n t i n t e r s e c t i o n s i n t h e 
r e a l ne twork and a r e e x e m p l i f i e d by nodes 9 t h r o u g h 1 2 . For t h e p u r ­
p o s e s of t h i s s t u d y , a l l i n t e r n a l nodes a r e assumed t o be s i g n a l i z e d 
w i t h a f i x e d t i m e s i g n a l c o n t r o l l e r . S i g n a l p a r a m e t e r s , such a s c y c l e 
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F i g u r e 1 . I l l u s t r a t i v e T r a f f i c N e t w o r k 
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l e n g t h , g r e e n t i m e , and o f f s e t , a r e r e q u i r e d i n p u t d a t a f o r e ach s i g n a l . 
Each l i n k i s i d e n t i f i e d by s t a t i n g t h e node number a s s o c i a t e d 
w i t h i t o r by a u n i q u e i n d e x . For e x a m p l e , i n F i g u r e 1 , l i n k 24 goes 
from node 1 1 , t h e t a i l o r s o u r c e n o d e , t o node 1 2 , t h e head n o d e . The 
i n d e x f o r t h e head node i s a l s o t h e s i g n a l i n d e x . The c h a r a c t e r i s t i c s 
of each l i n k must be s u p p l i e d a s i n p u t d a t a . These i n c l u d e l e n g t h , 
w i d t h ( i n l a n e s ) and t h e t u r n p r o b a b i l i t i e s a s s o c i a t e d w i t h t h e head 
n o d e . 
To s i m p l i f y m a t t e r s somewhat and t o p r o v i d e c o n s i s t e n c y b e t w e e n 
t h e d i f f e r e n t m o d e l s , a s t a n d a r d i n p u t f o r m a t was a d o p t e d f o r a l l f o u r 
models and i s d e s c r i b e d i n d e t a i l i n Appendix A. Comments r e g a r d i n g 
a s s u m p t i o n s and r e s t r i c t i o n s on ne twork c h a r a c t e r i s t i c s w i l l be made 
t h r o u g h o u t t h e r e m a i n d e r o f t h i s t h e s i s . 
Pseudo-Random Number G e n e r a t i o n 
The p seudo- r andom number g e n e r a t i o n method u s e d i s known a s t h e 
m u l t i p l i c a t i v e c o n g r u e n t i a l method . The g e n e r a l p r o c e d u r e i s d e s c r i b e d 
a s f o l l o w s . Le t 
X = A • X , (mod m ) , n n - 1 ' 
where A i s a c o n s t a n t m u l t i p l i e r , 
m i s t h e m o d u l u s , and 
X i s t h e i n i t i a l random number s e e d , o 
The s e q u e n c e , {X K a p p r o x i m a t e s a s e q u e n c e of i n t e g e r s u n i f o r m l y 
d i s t r i b u t e d be tween z e r o and t h e m o d u l u s . By d i v i d i n g X by t h e m o d u l u s , 
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a s e q u e n c e {R } of p seudo- random numbers i s o b t a i n e d , n 
V e h i c l e G e n e r a t i o n 
The t i m e be tween a r r i v a l s of v e h i c l e s a t an i n p u t node i s assumed 
t o be an e x p o n e n t i a l l y d i s t r i b u t e d random v a r i a b l e . T h i s d i s t r i b u t i o n 
h a s b e e n found t o be f a i r l y s a t i s f a c t o r y a t low v o l u m e s , b u t i s u s u a l l y 
i n a c c u r a t e a t m o d e r a t e and h i g h v o l u m e s . The s i g n i f i c a n c e of t h i s 
a s s u m p t i o n i s examined i n C h a p t e r IV. 
A s e p a r a t e random number s e q u e n c e i s u sed f o r e ach g e n e r a t i o n 
n o d e . One a d d i t i o n a l random number s e q u e n c e i s u sed f o r a l l o t h e r Monte 
C a r l o t e c h n i q u e s . To i n s u r e t h a t t h e volumes g e n e r a t e d by each i n p u t 
node were w i t h i n a c c e p t a b l e l i m i t s , t h e v e h i c l e g e n e r a t i o n segment was 
i s o l a t e d from t h e p rograms and f i v e h o u r s of g e n e r a t i o n were c o n d u c t e d 
a t volumes of 200 , 3 0 0 , 4 0 0 , 500 , and 600 v e h i c l e s p e r h o u r . The number 
of a r r i v a l s p e r f i v e - m i n u t e t i m e p e r i o d were r e c o r d e d and t e s t e d a g a i n s t 
a P o i s s o n d i s t r i b u t i o n . C h a p t e r IV summar izes t h e r e s u l t s f o r t h e 
s e l e c t e d random number s e e d s . 
T u r n i n g B e h a v i o r 
The d e s t i n a t i o n of a v e h i c l e on a g i v e n l i n k i s d e t e r m i n e d by a 
Monte C a r l o t e c h n i q u e . The p r o b a b i l i t i e s of r i g h t t u r n s , s t r a i g h t -
t h r o u g h movements and l e f t t u r n s a r e s p e c i f i e d a s i n p u t f o r each l i n k 
i n t h e n e t w o r k . Th ree of t h e m o d e l s , which t r e a t v e h i c l e s i n d i v i d u a l l y , 
a s s i g n a d e s i r e d movement t o each v e h i c l e a s i t e n t e r s t h e l i n k . T h i s 
d e s i r e d movement i s t h e n u s e d t o s e l e c t an a p p r o p r i a t e l a n e on m u l t i -
l a n e l i n k s . The f o u r t h model a s s i g n s t h e t u r n i n g movement when t h e 
v e h i c l e r e a c h e s t h e i n t e r s e c t i o n . 
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Speed D i s t r i b u t i o n 
The d e s i r e d v e l o c i t y of an i n d i v i d u a l v e h i c l e i s d e t e r m i n e d by a 
Monte C a r l o t e c h n i q u e f o r t h o s e models which t r e a t v e h i c l e s i n d i v i d u a l l y . 
When t h e v e h i c l e i s c r e a t e d , i t i s a s s i g n e d a d e s i r e d v e l o c i t y which r e ­
mains f i x e d t h r o u g h o u t i t s j o u r n e y i n t h e n e t w o r k . 
By u s i n g a d i s t r i b u t i o n of d e s i r e d v e l o c i t i e s , t h e s e mode l s i n ­
t r o d u c e a s o u r c e of d e l a y which i s n o t found i n models where a s i n g l e 
d e s i r e d v e l o c i t y i s assumed f o r a l l v e h i c l e s . V e h i c l e s which a r e n o t 
a f f e c t e d by t h e i n t e r s e c t i o n c o n t r o l d e v i c e o r by p r e c e d i n g t u r n i n g 
v e h i c l e s may s t i l l be d e l a y e d by t h e need t o s low b e h i n d a v e h i c l e w i t h 
a l ower d e s i r e d v e l o c i t y . T h i s s o u r c e of d e l a y depends n o t on t h e i n ­
t e r s e c t i o n c o n t r o l scheme b u t on t h e s t a n d a r d d e v i a t i o n of t h e d e s i r e d 
v e l o c i t y and t h e l e n g t h of an i n d i v i d u a l l i n k . 
The e x c l u s i o n of t h i s d i s t r i b u t i o n was t h o u g h t t o d e t r a c t from 
t h e f l e x i b i l i t y and r e a l i s m of t h e models and i t was t h e r e f o r e i n c l u d e d 
where p o s s i b l e . To m i n i m i z e t h e r e s u l t i n g d i f f e r e n c e s i n d e l a y p r e d i c ­
t i o n , a l l models which i n c l u d e d a speed d i s t r i b u t i o n were f o r c e d t o 
assume t h e same fo rm. A s l i g h t l y skewed r e p r e s e n t a t i o n of a n o r m a l d i s ­
t r i b u t i o n was u s e d f o r a l l mode l s t h a t p e r m i t t e d a v a r i a b l e d e s i r e d 
v e l o c i t y . 
L e f t Turn Gap A c c e p t a n c e 
The gap a c c e p t a n c e p r o c e d u r e u t i l i z e d by a l l f o u r models i s a 
Monte C a r l o t e c h n i q u e f o r a s s e s s i n g gaps i n t h e o p p o s i n g f l o w . A random 
number i s compared t o t h e p r o b a b i l i t y of a c c e p t i n g t h e e x i s t i n g g a p . I f 
t h e p r o b a b i l i t y v a l u e i s g r e a t e r t h a n t h e random number , t h e gap i s 
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a c c e p t e d . The d i s t r i b u t i o n u s e d i s i n d i c a t e d by F i g u r e 2 and i s an 
a p p r o x i m a t i o n of d i s t r i b u t i o n s r e p o r t e d i n t h e l i t e r a t u r e ( 3 6 ) . No d i s ­
t i n c t i o n i s made be tween a gap and a l a g . 
Measures of E f f e c t i v e n e s s 
The models i n c l u d e a s t h e p r i n c i p a l p a r t of t h e i r o u t p u t c e r t a i n 
m e a s u r e s of e f f e c t i v e n e s s t h a t were t h o u g h t t o be i m p o r t a n t i n e v a l u ­
a t i n g s y s t e m p e r f o r m a n c e . The p r i m a r y m e a s u r e s of e f f e c t i v e n e s s a r e : 
System Delay 
Queue L e n g t h s 
Number of S t o p s 
The d e f i n i t i o n and method of o b t a i n i n g d a t a on each of t h e s e m e a s u r e s 
w i l l be d e f e r r e d t o t h e i n d i v i d u a l model p r e s e n t a t i o n s . The d i f f e r e n c e s 
i n i n t e r p r e t a t i o n i s f e l t t o be a major c o n t r i b u t o r t o l a c k of c o n s i s t ­
ency be tween t h e mode l s ( 2 6 ) . 
The C o n t i n u o u s Model 
The most d e t a i l e d t r a f f i c s i m u l a t i o n mode l s h a v e a p p r o x i m a t e d a 
p o s i t i o n of a v e h i c l e by a c o n t i n u o u s v a r i a b l e . The p o s i t i o n of t h e 
v e h i c l e i s changed by u s i n g laws of r e c t i l i n e a r m o t i o n and t h e c u r r e n t 
s t a t e of t h e s y s t e m . A c o n t i n u o u s roadway r e p r e s e n t a t i o n i n t r o d u c e s 
l i t t l e r o u n d i n g e r r o r due t o p o s i t i o n i n g ; howeve r , r o u n d i n g e r r o r due t o 
t i m e s c a n n i n g s t i l l e x i s t s . 
Lewis ( 2 8 ) and Ger lough and Wagner ( 1 6 ) u t i l i z e d a c o n t i n u o u s 
r e p r e s e n t a t i o n f o r m o d e l i n g a s i n g l e i n t e r s e c t i o n w h i l e B u h r , e t a l . ( 7 ) 
c h o s e t h e c o n t i n u o u s a p p r o a c h t o model f r eeway e x i t and e n t r a n c e r a m p s . 
For t h e s e s t u d i e s a d e t a i l e d d e s c r i p t i o n of v e h i c l e i n t e r a c t i o n was 
2 3 4 6 8 10 20 30 
Gap ( S e c o n d s ) 
F i g u r e 2 . Gap A c c e p t a n c e D i s t r i b u t i o n 
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t h o u g h t n e c e s s a r y t o m e a s u r e v e h i c u l a r d e l a y a n d t o o b t a i n r e a l i s t i c 
a c c e l e r a t i o n a n d d e c e l e r a t i o n p r o c e d u r e s . T h e c o n t i n u o u s m o d e l e m p l o y e d 
i n t h i s s t u d y w i l l b e r e f e r r e d t o a s t h e CONT m o d e l a n d d r a w s h e a v i l y 
f r o m t h e m o d e l d e v e l o p e d b y L e w i s . 
R o a d w a y R e p r e s e n t a t i o n 
I n t h e CONT m o d e l , e a c h l a n e i s a o n e - d i m e n s i o n a l c o o r d i n a t e s y s ­
t e m . T h e l i n k e n t r a n c e i s a s s u m e d t o b e t h e p r o j e c t i o n o f t h e c u r b l i n e 
a t t h e t a i l o f t h e l i n k a n d i s d e s i g n a t e d a s t h e z e r o c o o r d i n a t e p o i n t . 
L i n k l e n g t h i s t h e d i s t a n c e , i n f e e t , f r o m t h i s p o i n t t o t h e p r o j e c t i o n 
o f t h e n e a r s i d e c u r b l i n e a t t h e h e a d n o d e . T h e s t o p l i n e i s l o c a t e d 
1 2 f e e t b a c k f r o m t h e e x t e n s i o n o f t h e c u r b l i n e . 
T h e c o o r d i n a t e s y s t e m f o r e a c h l a n e i s e x t e n d e d i n t o t h e i n t e r ­
s e c t i o n , s i n c e v e h i c l e s d o n o t e x i t o n e l i n k u n t i l t h e y p a s s t h e e n t r a n c e 
p o i n t o f t h e n e x t l i n k . T h e c o o r d i n a t e s o f t h e e n d p o i n t s a r e d e p e n d e n t 
o n t h e i n t e r s e c t i o n g e o m e t r y a n d t u r n i n g m o v e m e n t d e s i r e d . I n F i g u r e 3 
t h e e n d p o i n t s o f a o n e - l a n e a n d t w o - l a n e a p p r o a c h a r e i l l u s t r a t e d . T h e 
c o m p l e t e l a n e s t a t i o n i n g i s i n c l u d e d i n T a b l e 1 . 
T a b l e 1 . I n t e r s e c t i o n E n d P o i n t s 
N u m b e r o f L a n e s a n d M o v e m e n t 
D i s t a n c e t o E n d P o i n t f r o m 
N e a r S i d e C u r b L a n e ( F e e t ) 
One-Lane Approach 
L e f t T u r n 4 0 
S t r a i g h t M o v e m e n t 3 0 
R i g h t T u r n 1 2 
Two-Lane Approach 
L e f t T u r n 85 
S t r a i g h t M o v e m e n t 60 
R i g h t T u r n 1 2 
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^ = 2 
a . Two-by-Two I n t e r s e c t i o n 
b . F o u r - b y - F o u r I n t e r s e c t i o n 
F i g u r e 3 . Link E n d p o i n t s f o r Two Types of I n t e r s e c t i o n s 
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Because end p o i n t s a r e a f u n c t i o n of i n t e r s e c t i o n g e o m e t r y , t h e 
program must c o n t a i n d a t a on a l l p o s s i b l e i n t e r s e c t i o n c o n f i g u r a t i o n s t o 
be i n c l u d e d i n t h e n e t w o r k . S i n c e o n l y t w o - l a n e by t w o - l a n e and f o u r -
l a n e by f o u r - l a n e i n t e r s e c t i o n s were i n c l u d e d i n t h i s s t u d y , t h e t a b l e 
i s q u i t e s m a l l . E x p a n s i o n of t h e t a b l e would n o t be a major t a s k i f 
a d d i t i o n a l i n t e r s e c t i o n g e o m e t r i e s were i n c l u d e d i n t h e n e t w o r k . 
V e h i c l e R e p r e s e n t a t i o n 
The v e h i c l e i n t h e CONT model i s r e p r e s e n t e d by a s e t of 12 com­
p u t e r w o r d s . These words c o n t a i n d a t a on t h e c h a r a c t e r i s t i c s and s t a t u s 
of t h e i n d i v i d u a l v e h i c l e . S p e c i f i c d a t a a r e m a i n t a i n e d on : 
1 . D e s i r e d Speed 
2 . P r e s e n t Link 
3 . P r e s e n t Lane 
4 . D e s i r e d T u r n i n g Movement 
5 . E s t i m a t e d Link E x i t Time 
6. P o s i t i o n 
7 . A c t u a l Speed 
8. I n d e x of t h e V e h i c l e i n F r o n t 
9 . I n d e x of t h e V e h i c l e i n Back 
1 0 . S t o p p i n g Tag 
1 1 . A c c e l e r a t i o n Tag 
1 2 . H o l d i n g Movement D i s t a n c e 
As i n d i c a t e d e a r l i e r , t h e d e s i r e d s p e e d i s a f i x e d c h a r a c t e r i s t i c 
of t h e v e h i c l e and r e m a i n s c o n s t a n t t h r o u g h o u t t h e t r a v e l of t h e v e h i c l e 
i n t h e n e t w o r k . I t e m s 2 t h r o u g h 5 a r e a s s i g n e d v a l u e s a s t h e v e h i c l e 
e n t e r s a new l i n k . I t e m s 6 and 7 a r e u p d a t e d e v e r y t i m e s c a n p e r i o d 
b a s e d on t h e assumed m o t i o n of t h e v e h i c l e d u r i n g t h a t t i m e i n t e r v a l . 
A one second s c a n p e r i o d was a d o p t e d . I t e m s 8 and 9 p r o v i d e a means of 
e s t a b l i s h i n g t h e o r d e r i n g of t h e v e h i c l e s on a g i v e n l i n k . For each 
l a n e of each l i n k a r e c o r d i d e n t i f y i n g t h e f i r s t v e h i c l e and t h e l a s t 
v e h i c l e i s m a i n t a i n e d . By s t a r t i n g w i t h t h e f i r s t v e h i c l e on a s p e c i f i c 
23 
l i n k and examin ing t h e i n f o r m a t i o n c o n t a i n e d i n i t e m 9 , t h e second 
v e h i c l e can be i d e n t i f i e d . T h i s p r o c e d u r e can be r e p e a t e d t o d e t e r m i n e 
t h e p r o p e r o r d e r i n g of a l l v e h i c l e s on t h a t l i n k . I t e m s 10 t h r o u g h 12 
a r e a s s o c i a t e d w i t h i n t e r s e c t i o n movement. 
V e h i c l e Movement 
The h e a r t of any c o n t i n u o u s model i s t h e c a r - f o l l o w i n g v e h i c l e 
b e h a v i o r r e l a t i o n s h i p s . C a r - f o l l o w i n g t h e o r i e s a t t e m p t t o r e l a t e t h e 
r e a c t i o n of a f o l l o w i n g v e h i c l e t o t h e m o t i o n of a l e a d i n g v e h i c l e . 
One form of t h e s p a c i n g - s p e e d r e l a t i o n s h i p assumes t h a t s p a c i n g 
i s a l i n e a r f u n c t i o n o f s p e e d . Lewis used t h i s r e l a t i o n s h i p t o s t r u c t u r e 
h i s model b e h a v i o r . A second form of c a r - f o l l o w i n g b e h a v i o r p r o p o s e s 
t h a t t h e r e s p o n s e of a f o l l o w i n g d r i v e r i s t h e p r o d u c t of a s e n s i t i v i t y 
f a c t o r and a s t i m u l u s . C h a n d l e r , Herman and M o n t r o l ( 9 ) s u g g e s t t h a t 
t h e s t i m u l u s be t h e r e l a t i v e v e l o c i t y of t h e two v e h i c l e s and t h a t a 
r e s p o n s e of a c c e l e r a t i o n o r d e c e l e r a t i o n be d e l a y e d some c o n s t a n t r e a c ­
t i o n t i m e . Ger lough and Wagner (16 ) u sed t h i s f u n c t i o n w i t h t h e a d d i ­
t i o n o f an i n v e r s e r e l a t i o n s h i p t o v e h i c l e s p a c i n g . The CONT model i s a 
g e n e r a l i z a t i o n of t h e l i n e a r s p a c e / s p e e d r e l a t i o n s u s e d by L e w i s . A 
d e t a i l e d deve lopmen t of t h e e q u a t i o n s t o f o l l o w can be found i n R e f e r ­
e n c e 2 8 . 
A c c e l e r a t i o n R e s t r i c t i o n . I t i s assumed t h a t a l l v e h i c l e s a t t e m p t 
t o t r a v e l a t some d e s i r e d s p e e d , which i s a c h a r a c t e r i s t i c of e ach v e h i ­
c l e . A u n i f o r m r a t e of speed change i s assumed u n d e r f r e e f low c o n d i ­
t i o n s . A v e h i c l e , o t h e r w i s e u n r e s t r i c t e d , w i l l a c c e l e r a t e t o i t s d e s i r e d 
2 
v e l o c i t y a t an a c c e l e r a t i o n r a t e A of 4 f t / s e c . Le t ZA be t h e d i s t a n c e 
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t h a t a v e h i c l e t r a v e l s i n one second b a s e d on t h i s r e s t r i c t i o n . Then 
ZA = min{V . + 0 . 5 A , 0 . 5 ( V _+V ) } , t - 1 t - 1 max 
where ^ i s t h e v e l o c i t y of t h e v e h i c l e one second a g o , 
V i s t h e maximum d e s i r e d v e l o c i t y f o r t h e v e h i c l e a n d , max J ' 
A i s t h e d e s i r e d c o n s t a n t a c c e l e r a t i o n r a t e . 
Once a t t h e d e s i r e d v e l o c i t y , t h e v e h i c l e w i l l m a i n t a i n t h a t v e l o c i t y 
u n t i l some o t h e r r e s t r i c t i o n i s e n c o u n t e r e d . 
C a r - F o l l o w i n g R e s t r i c t i o n . When t h e s p a c i n g b e t w e e n two v e h i c l e s 
i s c r i t i c a l , t h e speed of t h e s econd v e h i c l e i s a d j u s t e d s o t h a t a t t h e 
end of a t i m e s c a n t h e new p o s i t i o n i s no c l o s e r t h a n d e s i r e d . The d e ­
s i r e d s p a c i n g as sumes t h a t v e h i c l e s moving a t t h e same speed w i l l m a i n ­
t a i n a s p a c i n g l i n e a r l y p r o p o r t i o n a l t o t h e i r v e l o c i t y and a f a s t o v e r ­
t a k i n g v e h i c l e w i l l keep s u f f i c i e n t d i s t a n c e t o p e r m i t a s a f e s t o p . 
Us ing t h e s e a s s u m p t i o n s , Lewis h a s d e r i v e d t h e maximum d i s t a n c e a 
v e h i c l e c a n a d v a n c e i n one s econd b a s e d on t h e c a r - f o l l o w i n g r e s t r i c ­
t i o n s . Le t ZS be t h e maximum d i s t a n c e a v e h i c l e can move i n one s e c o n d . 
Then when V > 
ZS = 0 .5(V +V^) - 0.75D + [ 0 . 5 6 2 5 D 2 - 0 . 25DV t ±+0. 75V.J.+0. 5(X^-X - P ) ] \ 
and when ^ < 
zs = C V x t - i " p + v t - i ] / 3 ' 
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where 
ZS i s t h e maximum d i s t a n c e a v e h i c l e can move i n one s e c o n d , 
^ i s t h e v e l o c i t y of t h e f o l l o w i n g v e h i c l e one second a g o , 
i s t h e p r e s e n t v e l o c i t y of t h e l e a d v e h i c l e , 
i s t h e p o s i t i o n of t h e f o l l o w i n g v e h i c l e one s econd a g o , 
X i s t h e p r e s e n t p o s i t i o n of t h e l e a d v e h i c l e , 
D i s t h e d e s i r e d d e c e l e r a t i o n r a t e , and 
P i s t h e assumed minimum s p a c i n g o b t a i n e d a t z e r o v e l o c i t y . 
S t o p p i n g R e s t r i c t i o n . As a v e h i c l e a p p r o a c h e s an i n t e r s e c t i o n , 
t h e t r a f f i c c o n t r o l d e v i c e may r e s t r i c t i t s movement. When a t r a f f i c 
s i g n a l t u r n s from g r e e n t o amber , t h e a s s o c i a t e d i n p u t l i n k s a r e 
" t a g g e d . " The f i r s t v e h i c l e i n each l i n k which can s t o p w i t h i n r e a s o n ­
a b l e d e c e l e r a t i o n l i m i t s i s t h e n t a g g e d and i t b e g i n s d e c e l e r a t i n g t o a 
c o m p l e t e s t o p . P r e c e d i n g v e h i c l e s i n t h a t l a n e a r e a l l o w e d t o c o n t i n u e 
t h r o u g h t h e i n t e r s e c t i o n w h i l e t h o s e v e h i c l e s f o l l o w i n g t h e t a g g e d 
v e h i c l e w i l l s t o p a s a r e s u l t of t h e c a r - f o l l o w i n g r e s t r i c t i o n . Only 
one v e h i c l e p e r l a n e i s t a g g e d . When a t r a f f i c s i g n a l t u r n s t o g r e e n , 
a l l a s s o c i a t e d i n p u t t a g s a r e removed . 
Le t ZD be t h e maximum d i s t a n c e a v e h i c l e o p e r a t i n g u n d e r t h e s t o p ­
p i n g r e s t r i c t i o n may advance d u r i n g a o n e - s e c o n d p e r i o d . Then 
ZD = 0.5V . - 0.25D + [0 .0625D 2 -0 .25DV +0.5DX T * , t - 1 t - 1 gap 
where 
ZD i s t h e maximum d i s t a n c e u n d e r t h e s t o p p i n g r e s t r i c t i o n , 
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Vj_ i s t h e v e l o c i t y of t h e v e h i c l e one second a g o , 
D i s t h e d e s i r e d d e c e l e r a t i o n r a t e , and 
X i s t h e d i s t a n c e from t h e v e h i c l e t o t h e s t o p p i n g p o i n t , gap r 
I f t h e i n t e r s e c t i o n i s b l o c k e d by a v e h i c l e from a s i d e s t r e e t o r 
by a l e f t t u r n i n g v e h i c l e from t h e o p p o s i n g l i n k , a s t o p p i n g r e s t r i c t i o n 
i s a p p l i e d t o t h e f i r s t v e h i c l e of each l a n e . The s t o p p i n g p o i n t f o r 
t h e s e b l o c k a g e s i s assumed t o be one f o o t beyond t h e e x t e n s i o n of t h e 
c u r b l i n e . 
T u r n i n g R e s t r i c t i o n . Dur ing a t u r n i n g maneuver i t i s assumed t h a t 
a v e h i c l e w i l l d e c e l e r a t e t o some d e s i r e d s p e e d t h e n a c c e l e r a t e t h r o u g h ­
o u t t h e r e m a i n d e r of t h e movement. The p o i n t of i n f l e c t i o n i n t h e a c ­
c e l e r a t i o n p a t t e r n i s c a l l e d t h e " t u r n p o i n t " and t h e l o c a t i o n of t h e 
t u r n p o i n t i s assumed t o be a f u n c t i o n of b o t h i n t e r s e c t i o n geome t ry and 
d e s i r e d movement a s i n d i c a t e d by T a b l e 2 . 
T a b l e 2 . I n t e r s e c t i o n Turn P o i n t s 
Number of Lanes and Movement 
D i s t a n c e from N e a r - S i d e Curb 
L ine t o Turn P o i n t ( F e e t ) 
One-Lane Approach 
L e f t Turn 




L e f t Turn 
R i g h t Turn 
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1 
Le t ZT be t h e maximum d i s t a n c e which a v e h i c l e can t r a v e l i n one 
second u n d e r t h e t u r n i n g r e s t r i c t i o n . Then 
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ZT = 0.5V . - 0.25D + [ 0 . 0 6 2 5 D 2 + 0 . 2 5 ( V 2 -DV J + 0 . 5 D X 
t - 1 Tr t - 1 gap 
where t n e v e l o c i t y of t h e v e h i c l e one second a g o , 
D i s t h e d e s i r e d d e c e l e r a t i o n r a t e , 
V ,̂p i s t h e maximum p e r m i s s i b l e t u r n p o i n t v e l o c i t y , and 
X i s t h e d i s t a n c e be tween t h e v e h i c l e and t h e t u r n p o i n t , 
gap * 
T h i s e q u a t i o n i s o n l y a p p l i c a b l e when t h e v e h i c l e does n o t p r o ­
ceed beyond t h e t u r n p o i n t . When t h i s o c c u r s a new v a l u e f o r ZT must be 
computed which w i l l c o n s i d e r t h e assumed d e c e l e r a t i o n and a c c e l e r a t i o n . 
L e f t t u r n i n g v e h i c l e s w i l l n o t p r o c e e d p a s t t h e t u r n p o i n t u n l e s s 
an a c c e p t a b l e gap i s found i n t h e o p p o s i n g s t r e a m of t r a f f i c . Each l a n e 
of t h e o p p o s i n g l i n k i s s e a r c h e d t o f i n d t h e p o s i t i o n and v e l o c i t y of 
t h e f i r s t v e h i c l e . The t i m e gaps a r e t h e n c a l c u l a t e d f o r each l a n e and 
t h e minimum gap used t o make a d e c i s i o n . I f t h e minimum gap i s a c c e p t e d 
t h e v e h i c l e p r o c e e d s t h r o u g h t h e t u r n p o i n t ; i f r e j e c t e d t h e v e h i c l e 
i m m e d i a t e l y s t o p s a t t h e t u r n p o i n t t o w a i t f o r an a c c e p t a b l e g a p . The 
gap a c c e p t a n c e t a b l e i s t h e n checked e v e r y t i m e s c a n u n t i l an a c c e p t a b l e 
gap i s found . L e f t t u r n i n g v e h i c l e s which have p a s s e d t h e t u r n p o i n t 
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a c c e l e r a t e a t 7 , 6 and 5 f t / s e c f o r t h e f i r s t t h r e e s e c o n d s a f t e r an 
a c c e p t a b l e gap becomes a v a i l a b l e . 
Measures o f E f f e c t i v e n e s s 
The CONT model p r o v i d e s o u t p u t on s y s t e m d e l a y , maximum queue 
l e n g t h s and number of s t o p s . A l l s t a t i s t i c s a r e p r i n t e d by i n d i v i d u a l 
l i n k , by i n t e r s e c t i o n and by t o t a l s y s t e m p e r f o r m a n c e . 
Delay i s d e f i n e d a s t h e d i f f e r e n c e be tween a c t u a l t r a v e l t i m e and 
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u n d e l a y e d t r a v e l t i m e . S i n c e t h e model a s s i g n s each v e h i c l e a d e s i r e d 
v e l o c i t y from a s p e c i f i e d p r o b a b i l i t y d i s t r i b u t i o n , u n d e l a y e d t r a v e l 
t i m e must be c a l c u l a t e d f o r each v e h i c l e . F u r t h e r m o r e , a v e h i c l e which 
h a s j u s t e n t e r e d a l i n k may n o t , and most l i k e l y w i l l n o t , s t a r t a t 
c o o r d i n a t e z e r o . The a c t u a l s t a r t i n g l o c a t i o n w i l l depend on t h e d i s ­
t a n c e t h e v e h i c l e was from t h e end p o i n t of t h e p r e v i o u s l i n k a t t h e b e ­
g i n n i n g of t h e s c a n t i m e and how f a r i t advanced d u r i n g t h a t s c a n c y c l e . 
To c a l c u l a t e u n d e l a y e d t r a v e l t i m e , a s i n g l e v e h i c l e was p e r m i t t e d 
t o t r a v e r s e a l i n k and t h e t r a v e l t i m e was r e c o r d e d . Link l e n g t h , d e ­
s i r e d v e l o c i t y and d e s i r e d t u r n i n g movement were v a r i e d i n o r d e r t o 
o b t a i n t r a v e l t i m e a s a f u n c t i o n of t h e s e f a c t o r s . As each v e h i c l e 
e n t e r s a new l i n k , t h e i n i t i a l p o s i t i o n , l i n k l e n g t h , d e s i r e d s p e e d and 
d e s i r e d t u r n i n g movement a r e c o n s i d e r e d i n c a l c u l a t i n g t h e u n d e l a y e d 
e x i t t i m e . Upon e x i t i n g t h e l i n k , t h i s u n d e l a y e d e x i t t i m e i s s u b t r a c t e d 
from t h e a c t u a l e x i t t i m e t o o b t a i n d e l a y . 
I f a v e h i c l e s l ows t o a speed l e s s t h a n 4 f t / s e c , i t i s assumed 
t o s t o p and t h e s t o p i s r e c o r d e d . Lewis ( 2 8 ) p r o v i d e d a means of m e a s ­
u r i n g s t o p d e l a y b u t t h i s was n o t i n c o r p o r a t e d i n t h e CONT m o d e l . 
The e s t i m a t i o n of queue l e n g t h was d i f f i c u l t i n t h i s m o d e l . The 
a c c o r d i o n e f f e c t o f t e n w i t n e s s e d i n heavy u r b a n t r a f f i c can e x i s t i n 
t h i s m o d e l . H e n c e , a v e h i c l e f a r removed from t h e i n t e r s e c t i o n may be 
s t o p p e d , w h i l e v e h i c l e s i n f r o n t of t h i s s t o p p e d v e h i c l e a r e a c c e l e r ­
a t i n g . S i n c e i t was d e s i r e d t o e s t i m a t e t h e maximum queue l e n g t h s o b ­
t a i n e d , t h e l e n g t h of a queue was r e c o r d e d e a c h t i m e t h e s i g n a l a t t h e 
head of t h e l e n g t h t u r n e d g r e e n . A r o u t i n e was w r i t t e n t o s c a n e a c h 
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l a n e and f i n d t h e l a s t s t o p p e d v e h i c l e . A l l v e h i c l e s i n f r o n t of t h i s 
v e h i c l e were c o n s i d e r e d t o be i n t h e q u e u e , even i f t h e y were moving 
g r e a t e r t h a n 4 f t / s e c . 
G e n e r a l Model Flow 
The g e n e r a l f low of t h e model i s i n d i c a t e d by F i g u r e 4 . A com­
p l e t e l i s t i n g of t h e program i s g i v e n i n Appendix B. The i n i t i a l i z a t i o n 
p h a s e , which i s common t o a l l f o u r m o d e l s , c o n s i s t s of t h e f o u r s u b ­
r o u t i n e s : 
EXTERN - t o r e a d d a t a c a r d s on e x t e r n a l n o d e s . 
INTERN - t o r e a d d a t a c a r d s on i n t e r n a l nodes and s i g n a l s . 
INPLKS - t o r e a d d a t a c a r d s on a l l ne twork l i n k s . 
SETUP - t o m a n i p u l a t e d a t a i n t o d e s i r e d form and s c h e d u l e 
t h e f i r s t a r r i v a l f o r e ach i n p u t n o d e . 
The main body of t h e s i m u l a t i o n c o n s i s t s of f o u r p r i m a r y s u b r o u ­
t i n e s , a s i n d i c a t e d i n F i g u r e 4 , and 12 s e c o n d a r y s u b p r o g r a m s . 
The SIGCHK s u b r o u t i n e c h e c k s t h e s i g n a l a t each i n t e r n a l node t o 
s e e i f a change of s t a t e i s d e s i r e d . A change from g r e e n t o amber w i l l 
c a u s e t h e a p p r o p r i a t e i n p u t l i n k s t o be t a g g e d a s d e s c r i b e d e a r l i e r . 
The VEGEN s u b r o u t i n e c h e c k s each e x t e r n a l node t o s e e i f i t i s 
t i m e t o c r e a t e a new v e h i c l e . I f t h i s i s d e s i r e d , a new v e h i c l e i s c r e ­
a t e d and t h e n e x t v e h i c l e t o e n t e r i s s c h e d u l e d . The new v e h i c l e i s 
p l a c e d i n t h e " h o l d i n g a r e a " of t h e a p p r o p r i a t e l i n k . T h i s p r o c e d u r e 
w i l l b e e x p l a i n e d s h o r t l y . 
The LKMOVE s u b r o u t i n e i s c o n c e r n e d w i t h t h e movement of v e h i c l e s 
on t h e l i n k s and t h r o u g h t h e i n t e r s e c t i o n s . Each node i n t h e n e t w o r k i s 
checked i n d i v i d u a l l y . I n p u t l i n k s f o r t h e node a r e examined one a t a 
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EXTERN 
•Reads d a t a on e x t e r n a l n o d e s . 
INTERN 
•Reads d a t a on i n t e r n a l nodes 
and s i g n a l s . 
INPLKS 
•Reads d a t a on a l l l i n k s . 
SETUP 
• E s t a b l i s h e s ne twork r e l a t i o n ­
s h i p s such a s l i n k d e s t i n a ­
t i o n s , e t c . 
I n c r e m e n t s CLOCK and s e e s 
w h e t h e r r u n i s o v e r 
No 
SIGCHK 
•Checks each s i g n a l f o r change 
and g a t h e r s queue d a t a i f 
t u r n e d g r e e n . 
Yes 
STAT 
• P r i n t s s t a t i s t i c s 
by l i n k , i n t e r s e c ­
t i o n and t o t a l 
s y s t e m . 
STOP 
VEGEN 
•Checks e x t e r n a l nodes f o r 
i n p u t and c r e a t e s v e h i c l e 
when r e a d y . 
LKMOVE 
• S t a r t s w i t h f i r s t l i n k and 
p r o c e s s e s a l l l i n k s f o r 
v e h i c l e movement. 
• A p p l i e s a l l a p p r o p r i a t e 
r e s t r i c t i o n s and moves v e h i ­
c l e s m a l l e s t d i s t a n c e . 
• T e r m i n a t e s o r a d v a n c e s v e h i ­
c l e t o new l i n k a s n e e d e d . 
HOLDOU 
•Takes v e h i c l e o u t of h o l d i n g 
a r e a and p l a c e s i t on l i n k . 
F i g u r e 4 . G e n e r a l Flow of CONT Model 
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t i m e . V e h i c l e s a r e p r o c e s s e d s t a r t i n g w i t h t h e f i r s t v e h i c l e i n t h e 
l e f t - m o s t l a n e and p r o c e e d i n g s e q u e n t i a l l y down t h e l a n e from t h e head 
t o t h e t a i l . 
As each v e h i c l e i s examined , t h e maximum p o s s i b l e d i s t a n c e i t 
c o u l d advance i s c a l c u l a t e d f o r e ach of t h e f o u r r e s t r i c t i o n s . The min ­
imum of t h e s e d i s t a n c e s i s assumed t o be t h e d e s i r e d a d v a n c e . I f t h e 
d e s i r e d d i s t a n c e w i l l t a k e t h e v e h i c l e p a s t t h e t u r n p o i n t ( p a s t t h e 
n e a r s i d e c u r b l i n e f o r s t r a i g h t movement ) , t h e d e s t i n a t i o n l i n k i s 
checked f o r a v a i l a b l e s p a c e b e f o r e p r o c e e d i n g i n t o t h e maneuve r . 
I f t h e new p o s i t i o n of t h e v e h i c l e i s beyond t h e end p o i n t of t h e 
l i n k , i t i s removed from t h e l i n k and p l a c e d i n t h e " h o l d i n g a r e a " of 
t h e d e s t i n a t i o n l i n k . A f t e r a l l l i n k s have b e e n p r o c e s s e d , e ach h o l d i n g 
a r e a i s checked f o r v e h i c l e s . These v e h i c l e s a r e t h e n removed from t h e 
h o l d i n g a r e a s and a l l o w e d t o s t a r t down t h e i r new l i n k s . T h i s d i s c o n ­
t i n u i t y o f p r o c e s s i n g i s n e c e s s a r y t o a v o i d p r o c e s s i n g a v e h i c l e t w i c e 
i n t h e same s c a n i n t e r v a l — o n c e on t h e o l d l i n k and t h e n on t h e new l i n k . 
N e i t h e r s i n g l e i n t e r s e c t i o n models no r a r t e r i a l mode l s p r e s e n t t h i s 
p r o b l e m , which r e s u l t s from t h e a p p l i c a t i o n of a g e n e r a l model t o a 
c l o s e d l o o p n e t w o r k . 
The p u r p o s e of t h e HOLDOU s u b r o u t i n e i s t o remove v e h i c l e s from 
t h e h o l d i n g a r e a s a f t e r a l l l i n k movement i s c o m p l e t e d . A d d i t i o n a l l y , 
each v e h i c l e i s a s s i g n e d a t u r n i n g maneuver and an e x p e c t e d e x i t t i m e . 
The U n i t Block Model 
Many o f t h e e a r l y e f f o r t s i n t r a f f i c s i m u l a t i o n r e l i e d on a d i s ­
c r e t e r e p r e s e n t a t i o n of v e h i c u l a r p o s i t i o n i n g . Goode, P o l l m a r and 
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Wrigh t ( 18 ) c o n s i d e r e d t h e roadway a s a s t r i n g of d i s t i n c t p o i n t s where 
v e h i c l e s were p e r m i t t e d t o jump from p o i n t t o p o i n t . Wong (42 ) p r o p o s e d 
a s l i g h t l y more g e n e r a l model by d i v i d i n g t h e roadway i n t o a s e r i e s of 
b l o c k s . A roadway segment one c a r l e n g t h l o n g and one l a n e wide was 
c a l l e d a u n i t b l o c k . Each u n i t b l o c k c o u l d c o n t a i n one c a r o r i t c o u l d 
be empty . Cars were c o n f i n e d t o s p e e d s of i n t e g r a l numbers of u n i t 
b l o c k s p e r u n i t t i m e . 
S t a r k (35 ) d e v e l o p e d a u n i t b l o c k model where b l o c k s were 12 f e e t 
i n l e n g t h . The p o s i t i o n i n g of t h e v e h i c l e w i t h i n t h e b l o c k was t o t h e 
n e a r e s t l / 1 0 0 t h of a b l o c k and v e h i c l e s c o u l d advance i n t h e q u a r t e r 
s econd s c a n w i t h o u t c h a n g i n g b l o c k s . The p r e c i s i o n of S t a r k ' s model 
c l o s e l y a p p r o x i m a t e s t h a t of a c o n t i n u o u s m o d e l . The model d e v e l o p e d 
f o r t h i s s t u d y i s p a t t e r n e d more c l o s e l y t o t h e Wong model t h a n t h a t of 
S t a r k o r Goode e t a l . I t w i l l be r e f e r r e d t o a s t h e UB m o d e l . 
Roadway R e p r e s e n t a t i o n 
The UB model d i v i d e s t h e roadway i n t o a s e r i e s of 1 8 - f o o t b l o c k s , 
e ach one l a n e w i d e . The u n i t b l o c k s a r e o r g a n i z e d i n t o an a r r a y i n t h e 
compute r memory. The p r e s e n c e o r a b s e n c e of a v e h i c l e i n a u n i t b l o c k 
can be d e t e r m i n e d by e x a m i n i n g t h e v a l u e c o n t a i n e d i n t h e a p p r o p r i a t e 
memory l o c a t i o n . A z e r o i m p l i e s t h a t t h e b l o c k i s empty w h i l e a p o s i t i v e 
number i n d i c a t e s t h e i n d e x of t h e v e h i c l e o c c u p y i n g t h a t s p e c i f i c roadway 
p o s i t i o n . 
The u n i t b l o c k n o t a t i o n p r o v i d e s a means f o r i d e n t i f y i n g and o r ­
d e r i n g t h e v e h i c l e s and s p e c i f y i n g t h e i r l o c a t i o n . F i g u r e 5 i l l u s t r a t e s 
two o n e - l a n e l i n k s c o n n e c t i n g two i n t e r s e c t i o n s . By s t a r t i n g a t t h e 
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head of t h e l i n k and work ing back t o t h e t a i l , a l l v e h i c l e s on t h e l i n k 
can be i d e n t i f i e d and o r d e r e d . 
The r e p r e s e n t a t i o n of an i n t e r s e c t i o n u s i n g a u n i t b l o c k a p p r o a c h 
r e q u i r e s a d d i t i o n a l l o g i c . S t a r k ( 3 5 ) i n d i c a t e s t h a t i t was n e c e s s a r y 
t o s u p e r i m p o s e u n i t b l o c k s from c r o s s i n g s t r e e t s . The UB model p a r t i ­
t i o n s t h e i n t e r s e c t i o n i n t o d i s t i n c t i n t e r s e c t i o n s q u a r e s and r e q u i r e s 
a complex a l g o r i t h m t o a s s o c i a t e u n i q u e compute r memory l o c a t i o n s w i t h 
e a c h s q u a r e . T h i s a p p r o a c h was t a k e n t o i n s u r e t h a t two v e h i c l e s on 
d i f f e r e n t l i n k s were n e v e r , i n r e a l i t y , on t h e same segment of an i n t e r ­
s e c t i o n . F i g u r e 6 i d e n t i f i e s t h e number ing of i n t e r s e c t i o n s q u a r e s f o r 
a t w o - l a n e by t w o - l a n e and a f o u r - l a n e by f o u r - l a n e i n t e r s e c t i o n . The 
Roman n u m e r a l s i d e n t i f y t h e a p p r o a c h o r i e n t a t i o n f o r t h e g i v e n b l o c k 
number ing scheme . 
I f a d d i t i o n a l i n t e r s e c t i o n g e o m e t r i e s were n e c e s s a r y f o r a s p e ­
c i f i c a p p l i c a t i o n each u n i q u e geomet ry would r e q u i r e an e x p l i c i t d e f i n i ­
t i o n of t h e i n t e r s e c t i o n p a r t i t i o n i n g . 
V e h i c l e R e p r e s e n t a t i o n 
The v e h i c l e i n t h e UB model i s r e p r e s e n t e d by a s e t of n i n e com­
p u t e r w o r d s . The s p e c i f i c r e c o r d s m a i n t a i n e d on each v e h i c l e a r e : 
S i n c e t h e d e s i r e d s p e e d i s i n t e g r a l i n b l o c k l e n g t h , a l i m i t e d 
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a. Two-Lane by Two-Lane 
I n t e r s e c t i o n 
IV 
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b . Four-Lane by Four-Lane 
I n t e r s e c t i o n 
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F igure 6. I n t e r s e c t i o n Diagrams f o r t h e UB Model 
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s p e e d d i s t r i b u t i o n assumed i s i n d i c a t e d i n T a b l e 3 . T h i s same d i s t r i b u ­
t i o n was s p e c i f i e d i n t h o s e models which a l l o w e d v a r i a b l e d e s i r e d s p e e d s . 
I t somewhat r e p r e s e n t s a n o r m a l d i s t r i b u t i o n s u g g e s t e d by Ger lough and 
Wagner ( 1 6 ) . 
T a b l e 3 . D i s t r i b u t i o n of D e s i r e d Speeds 
D e s i r e d Speed P r o b a b i l i t y 
P e r c e n t a g e B l o c k s / S e c F e e t / S e c 
2 36 7 
3 54 90 
4 72 3 
I t ems 2 t h r o u g h 6 and i t e m 9 have i d e n t i c a l c o u n t e r p a r t s i n t h e 
CONT model d e s c r i b e d e a r l i e r . The move i n d i c a t o r i s s e t t o one i f t h e 
v e h i c l e h a s been p r o c e s s e d d u r i n g t h e c u r r e n t s c a n ; o t h e r w i s e i t i s s e t 
e q u a l t o . z e r o . The s t a t e i n d i c a t o r i s a f o u r s t a t e s w i t c h i n d i c a t i n g 
w h e t h e r t h e v e h i c l e i s a c c e l e r a t i n g , d e c e l e r a t i n g , t r a v e l i n g a t a c o n ­
s t a n t v e l o c i t y o r s t a n d i n g s t i l l . 
V e h i c l e Movement 
The c o m p l e x i t y of t h e c a r - f o l l o w i n g e q u a t i o n s found i n t h e CONT 
model a r e a v o i d e d i n t h e UB m o d e l ; however t h e r e s t r i c t i o n s a r e v e r y 
s i m i l a r . 
I n t r a - L i n k Movement. An o t h e r w i s e u n r e s t r i c t e d v e h i c l e w i l l 
2 
a c c e l e r a t e t o i t s d e s i r e d v e l o c i t y a t t h e r a t e of 1 b l o c k / s e c . T h i s 
r a t e i s c o n s i d e r a b l y f a s t e r t h a n t h e a c c e l e r a t i o n l i m i t assumed i n t h e 
CONT m o d e l . T h e r e f o r e a r e s t r i c t i o n i s imposed which l i m i t s 
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a c c e l e r a t i o n t o e v e r y second s c a n c y c l e . T h i s r e s t r i c t i o n r e d u c e s t h e 
2 
a v e r a g e a c c e l e r a t i o n r a t e t o 9 f t / s e c . 
A f t e r t h e new p o s i t i o n b a s e d on t h e c u r r e n t v e l o c i t y of t h e v e h i ­
c l e and t h e a c c e l e r a t i o n r e s t r i c t i o n h a s b e e n c a l c u l a t e d , t h e headway 
b e t w e e n t h i s p o s i t i o n and t h e n e x t v e h i c l e i s examined . A t a b l e of 
minimum headways i s r e f e r e n c e d t o i n s u r e t h a t an a d e q u a t e s e p a r a t i o n i s 
b e i n g m a i n t a i n e d . These minimum headways a r e a f u n c t i o n of t h e r e l a t i v e 
v e l o c i t i e s of t h e two v e h i c l e s a s shown i n T a b l e 4 . They r e p r e s e n t a 
compromise be tween t h e headways found i n t h e CONT model and t h e minimum 
s a f e f o l l o w i n g d i s t a n c e s p o s s i b l e w i t h a d e c e l e r a t i o n r a t e of one b l o c k 
p e r s e c o n d . 
T a b l e 4 . Minimum A c c e p t a b l e Headway 
Minimum A c c e p t a b l e Headway 
F o l l o w i n g Lead Vehj L C l e s 
V e h i c l e ' s Speed Speed ( B l o c k s / S e c ) 
( B l o c k s / S e c ) 0 1 2 3 4 
1 0 1 0 0 0 
2 1 2 2 0 0 
CO 3 4 4 2 0 
4 - CD 4 4 CO 
V e h i c l e s d e s i r i n g t o t u r n must a l s o check t h e i r new p o s i t i o n w i t h 
r e s p e c t t o t h e i n t e r s e c t i o n . A l l t u r n i n g v e h i c l e s a r e r e q u i r e d t o s low 
t o one b l o c k p e r s e c o n d v e l o c i t y i n t h e i n t e r s e c t i o n a r e a . A t a b l e 
l o o k - u p p r o c e d u r e e s t a b l i s h e s t h e maximum p e r m i s s i b l e t u r n v e l o c i t i e s 
f o r v a r i o u s d i s t a n c e s from t h e i n t e r s e c t i o n . 
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A l l v e h i c l e s a p p r o a c h i n g an i n t e r s e c t i o n w i t h an amber o r r e d 
l i g h t a r e r e q u i r e d t o s t o p . A t a b l e l o o k - u p p r o c e d u r e i s employed t o 
e s t a b l i s h t h e maximum v e l o c i t y p o s s i b l e b a s e d on t h e v e h i c l e ' s c u r r e n t 
p o s i t i o n . 
I f t h e advancement of t h e v e h i c l e w i l l c a r r y i t i n t o t h e i n t e r ­
s e c t i o n , a d d i t i o n a l c h e c k i n g i s r e q u i r e d . A v e h i c l e w i l l n o t e n t e r an 
i n t e r s e c t i o n u n l e s s t h e r e i s s p a c e a v a i l a b l e i n t h e d e s t i n a t i o n l i n k . 
F u r t h e r m o r e , v e h i c l e s i n t h e l e f t - m o s t l a n e w i l l n o t e n t e r t h e i n t e r s e c ­
t i o n i f t h e r e i s a l e f t - t u r n i n g v e h i c l e i n f r o n t . T h i s r e s t r i c t i o n i s 
n e c e s s a r y t o i n s u r e t h a t i n t e r s e c t i o n s w i l l n o t become h o p e l e s s l y jammed 
by o p p o s i n g l e f t - t u r n v e h i c l e s . Headway r e s t r i c t i o n s a p p l y b e t w e e n 
v e h i c l e s i n t h e i n t e r s e c t i o n and v e h i c l e s t h a t a r e a t t e m p t i n g t o e n t e r 
t h e i n t e r s e c t i o n . 
I n t e r - L i n k Movement. Movement r e s t r i c t i o n s w i t h i n an i n t e r s e c t i o n 
depend on t h e t u r n i n g maneuver d e s i r e d and t h e i n t e r s e c t i o n g e o m e t r y . 
A l l t u r n i n g v e h i c l e s a r e r e s t r i c t e d t o a 1 b l o c k / s e c v e l o c i t y f o r t h e 
f i r s t h a l f of t h e maneuver . Once t h e t u r n i s e x e c u t e d , a n o r m a l 1 
2 
b l o c k / s e c a c c e l e r a t i o n i s a s sumed . 
F i g u r e 7 i l l u s t r a t e s t h e p a t h s f o l l o w e d by v e h i c l e s making d i f ­
f e r e n t m a n e u v e r s . The s e q u e n c e of i n t e r s e c t i o n s q u a r e s e n c o u n t e r e d i s a 
f u n c t i o n of d i r e c t i o n of a p p r o a c h a s w e l l a s i n t e r s e c t i o n geome t ry and 
d e s i r e d t u r n i n g maneuver . 
A l e f t - t u r n i n g v e h i c l e a d v a n c e s two o r t h r e e s q u a r e s i n t o t h e i n ­
t e r s e c t i o n b e f o r e o b s e r v i n g t h e gap i n t h e o p p o s i n g f l o w . Because of t h e 
d i s c r e t e n a t u r e of v e l o c i t i e s and l o c a t i o n s t h e model gaps a r e o n l y an 
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a. Two-Lane by Two 
I n t e r s e c t i o n 
I I 
IV 
I I I 
Four-Lane by Four-Lane 
I n t e r s e c t i o n 
I I 
F igure 7 . I n t e r s e c t i o n Maneuvers f o r t h e UB Model 
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a p p r o x i m a t i o n of t h e a c t u a l g a p s . However, t h e e r r o r due t o t h i s a p ­
p r o x i m a t i o n i s n o t g r e a t e r t h a n . 5 s e c o n d s , t h e i n t r i n s i c e r r o r c a u s e d 
by t h e n a t u r e of t h e m o d e l . I f a l e f t - t u r n i n g v e h i c l e r e j e c t s t h e gap 
and s t o p s , t h e i n t e r - l i n k r o u t i n e m a i n t a i n s an empty b l o c k b e h i n d t h e 
w a i t i n g v e h i c l e t o p e r m i t o p p o s i n g l e f t - t u r n i n g v e h i c l e s t o c l e a r t h e 
i n t e r s e c t i o n . 
Measures of E f f e c t i v e n e s s 
The UB model p r o v i d e s o u t p u t on s y s t e m d e l a y , maximum queue l e n g t h 
and number of s t o p s . A l l s t a t i s t i c s a r e p r i n t e d by i n d i v i d u a l l i n k , by 
i n t e r s e c t i o n and by t o t a l s y s t e m p e r f o r m a n c e . 
L ike t h e CONT m o d e l , t h e UB model c a l c u l a t e s d e l a y by s u b t r a c t i n g 
t h e u n d e l a y e d t r a v e l t i m e from t h e a c t u a l t r a v e l t i m e . Unde layed t r a v e l 
t i m e s were o b t a i n e d by t a k i n g v e h i c l e s w i t h d i f f e r e n t d e s i r e d s p e e d s 
t h r o u g h a l l c o m b i n a t i o n s of t u r n i n g maneuvers and i n t e r s e c t i o n g e o m e t r i e s . 
A s t o p i s d e f i n e d a s t h e a c t of g o i n g from a n o n - z e r o v e l o c i t y t o 
a v e l o c i t y of z e r o . A l l s t o p s a r e r e c o r d e d by l a n e f o r e ach l i n k i n t h e 
n e t w o r k . S t o p t i m e d e l a y i s e a s i l y o b t a i n e d from t h i s t y p e o f m o d e l ; 
howeve r , i t was n o t i n c l u d e d i n t h i s s t u d y s i n c e i t i s n o t e a s i l y a v a i l ­
a b l e w i t h t h e o t h e r models i n c l u d e d . 
The queue l e n g t h i s e v a l u a t e d f o r a l i n k each t i m e t h e l i g h t 
t u r n s g r e e n . The l a r g e s t queue found i s assumed t o be t h e maximum 
q u e u e . To e v a l u a t e t h e l e n g t h of t h e q u e u e , each b l o c k , s t a r t i n g w i t h 
t h e l a s t b l o c k , i s examined u n t i l a s t o p p e d v e h i c l e i s f o u n d . A l l v e h i ­
c l e s i n f r o n t of t h i s v e h i c l e a r e c o n s i d e r e d t o be i n t h e q u e u e . 
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G e n e r a l Flow Model 
The g e n e r a l f low of t h e model i s i l l u s t r a t e d i n F i g u r e 8 . A com­
p l e t e l i s t i n g of t h e FORTRAN program i s g i v e n i n Appendix C. The i n i ­
t i a l i z a t i o n p h a s e c o n s i s t s of t h e f o u r s u b r o u t i n e s : 
EXTERN - t o r e a d d a t a c a r d s on e x t e r n a l n o d e s . 
INTERN - t o r e a d d a t a c a r d s on i n t e r n a l n o d e s and s i g n a l s . 
INPLKS - t o r e a d d a t a c a r d s on a l l ne twork l i n k s . 
SETUP - t o m a n i p u l a t e d a t a i n t o d e s i r e d form and s c h e d u l e 
t h e f i r s t a r r i v a l f o r each i n p u t n o d e . 
The main body of t h e s i m u l a t i o n c o n s i s t s of f i v e p r i m a r y s u b r o u ­
t i n e s and 13 s e c o n d a r y s u b p r o g r a m s . The b a s i c s t r u c t u r e of a l l t h r e e 
f i x e d t i m e s c a n n i n g models i s v e r y s i m i l a r . 
The SIGCHK s u b r o u t i n e c h e c k s t h e s i g n a l s a t each node t o s e e i f a 
change of s t a t e i s d e s i r e d . A change from r e d t o g r e e n w i l l c a u s e t h e 
queue l e n g t h s t o be examined on t h e a p p r o p r i a t e i n p u t s . 
The VEGEN s u b r o u t i n e c h e c k s each e x t e r n a l node t o s e e i f i t i s 
t i m e t o c r e a t e a new v e h i c l e . I f t h i s i s d e s i r e d a new v e h i c l e i s c r e ­
a t e d and p l a c e d i n t o t h e h o l d i n g a r e a of t h e a p p r o p r i a t e l i n k . 
A s e p a r a t e s u b r o u t i n e was w r i t t e n t o p r o c e s s i n t e r - l i n k movement 
f o r each i n t e r s e c t i o n geomet ry c o n s i d e r e d i n t h e n e t w o r k . The INTERL 
s u b r o u t i n e i s a c o n t r o l r o u t i n e which t a k e s i n t e r s e c t i o n s one a t a t i m e 
and p a s s e s them t o t h e a p p r o p r i a t e p r o c e s s i n g r o u t i n e s . The MOVETT s u b ­
r o u t i n e p r o c e s s e s v e h i c l e s f o r a t w o - l a n e by t w o - l a n e i n t e r s e c t i o n w h i l e 
t h e MOVEFF s u b r o u t i n e p r o c e s s e s v e h i c l e s f o r a f o u r - l a n e by f o u r - l a n e 
i n t e r s e c t i o n . 
The i n t e r s e c t i o n i s f i r s t checked f o r v e h i c l e s from t h e n o n - g r e e n 
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EXTERN 
•Reads data on e x t e r n a l 
n o d e s . 
INTERN 
•Reads d a t a on i n t e r n a l 
nodes and s i g n a l s . 
I 
INPLKS 
•Reads data on a l l l i n k s . 
SETUP 
• E s t a b l i s h e s network r e l a ­
t i o n s h i p s such as l i n k 
d e s t i n a t i o n s , e t c . 
Increments CLOCK and s e e s 
whether run i s o v e r . 
" No 
SIGCHK 
•Checks each s i g n a l f o r 
change and g a t h e r s queue 
d a t a i f turned g r e e n . 
VEGEN 
•Checks e x t e r n a l nodes f o r 
input and c r e a t e v e h i c l e 
when ready . 
• P r i n t s s t a ­
t i s t i c s by 
l i n k , i n t e r ­
s e c t i o n £ 
t o t a l s y s t e m . 
STOP 
MOVEFF 
•Moves v e h i ­
c l e s on a 
f o u r - l a n e by 
f o u r - l a n e 
i n t e r s e c t i o n ! 
INTERL 
• C a l l s p r o c e s s o r f o r each 
node i n network. 
INTRAL 
•Moves v e h i c l e s w i t h i n t h e 
l i n k . 
•Terminates v e h i c l e s moving 
i n t o an e x i t node. 
HOLDOU 
•Takes v e h i c l e s out o f 
h o l d i n g area and p l a c e s 
them on l i n k . 
MOVETT 
•Moves v e h i c l e s 
i n a t w o - l a n e 
by t w o - l a n e in­
t e r s e c t i o n . 
F igure 8 . General Flow of UB Model 
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a p p r o a c h e s . Then t h e g r e e n a p p r o a c h v e h i c l e s a r e c o n s i d e r e d f o r a d ­
v a n c e m e n t . W i t h i n each a p p r o a c h s c a n , v e h i c l e s c o m p l e t i n g l e f t o r r i g h t 
t u r n s a r e p r o c e s s e d f i r s t . Then t h e l a n e e x t e n s i o n s a r e s c a n n e d from 
d e s t i n a t i o n t o t h e s t a r t of t h e l i n k . 
I f i t were d e s i r e d t o model d i f f e r e n t i n t e r s e c t i o n s such a s a 
t w o - l a n e by f o u r - l a n e o r an i n t e r s e c t i o n w i t h a one-way a p p r o a c h , a 
s e p a r a t e s u b r o u t i n e would be n e c e s s a r y f o r each u n i q u e c o n f i g u r a t i o n . 
A c o m p l e t e l y g e n e r a l ne twork s i m u l a t o r u s i n g t h e c o n c e p t s p r e s e n t e d i n 
t h e UB model would r e q u i r e a s u b s t a n t i a l amount of a d d i t i o n a l p rogramming 
t o a p p l y t o t h e s e d i f f e r e n t c o n d i t i o n s . 
The INTRAL s u b r o u t i n e p r o c e s s e s v e h i c l e s t r a v e l i n g b e t w e e n two 
n o d e s . The s c a n n i n g p r o c e s s b e g i n s w i t h t h e f i r s t b l o c k a t t h e head of 
t h e l i n k . Each b l o c k on t h e l i n k i s i n s p e c t e d f o r t h e p r e s e n c e of a 
v e h i c l e . I f a v e h i c l e i s f o u n d , t h e movement r e s t r i c t i o n s a r e a p p l i e d 
and t h e v e h i c l e i s advanced t h e d e s i r e d number of b l o c k s . A l l b l o c k s 
a r e s e a r c h e d u n t i l t h e l a s t b l o c k on t h e l i n k i s p r o c e s s e d . 
The HOLDOU s u b r o u t i n e removes v e h i c l e s i n t h e h o l d i n g a r e a s and 
p l a c e s them on t h e a p p r o p r i a t e l i n k s . To a v o i d p r o c e s s i n g t h e same 
v e h i c l e t w i c e i n t h e same s c a n , t h e HOLDOU s u b r o u t i n e i s n o t e x e c u t e d 
u n t i l a f t e r a l l i n t r a - l i n k movements have been c o n s i d e r e d . 
The Zone Model 
The two models p r e s e n t e d t h u s f a r have been m i c r o s c o p i c i n n a t u r e 
i n t h a t v e h i c l e s a r e i n d i v i d u a l l y maneuvered t h r o u g h t h e ne twork w i t h 
somewhat complex d e c i s i o n p r o c e s s e s b e i n g s i m u l a t e d e v e r y t i m e s c a n . I n 
o r d e r t o model a l a r g e r , more complex s y s t e m of t r a f f i c , a m a c r o s c o p i c 
44 
a p p r o a c h h a s been a d o p t e d by a number of r e s e a r c h e r s . 
Ger lough e t a l . ( 1 3 , 2 2 ) d e v e l o p e d t h e TRANS model t o e v a l u a t e t h e 
e f f e c t of t r a f f i c s i g n a l s e t t i n g s on t r a f f i c f low i n a r e g i o n of a c i t y . 
I n i t i a l l y i t was a p p l i e d t o a s e c t i o n of t h e D i s t r i c t of Columbia c o n ­
t a i n i n g o v e r 300 l i n k s and 80 i n t e r s e c t i o n s . At a b o u t t h e same t i m e Rhee 
( 3 2 ) d e v e l o p e d a p rogram (Urban T r a f f i c C o n t r o l S i m u l a t o r ) which u t i l i z e d 
a r e p r e s e n t a t i o n v e r y s i m i l a r t o t h e a p p r o a c h t a k e n by TRANS. S a k a i and 
Nagao (33 ) a d o p t e d a ne twork r e p r e s e n t a t i o n s i m i l a r t o TRANS, b u t t h e 
movement of v e h i c l e s was somewhat d i f f e r e n t and w i l l be d e s c r i b e d b e l o w . 
The zone model d e v e l o p e d f o r t h i s r e s e a r c h i s p a t t e r n e d a f t e r t h e TRANS 
model and w i l l be r e f e r r e d t o s i m p l y a s t h e ZONE m o d e l . 
Roadway R e p r e s e n t a t i o n 
I n t h e ZONE model each l a n e i s d i v i d e d i n t o zones a s i n d i c a t e d 
by F i g u r e 9 . 
e ach zone h a s a 
c a p a c i t y of N 
v e h i c l e s 
F i g u r e 9 . Two Two-Lane L inks D i v i d e d i n t o Zones 
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The l e n g t h of a zone i s such t h a t a c a r moving a t " f r e e - f l o w " s p e e d s from 
one zone t o t h e n e x t i s t h e t i m e i n t e r v a l be tween s c a n s . I n t h e i n i t i a l 
v e r s i o n of TRANS a f i v e - s e c o n d s c a n n i n g c y c l e was a d o p t e d t o t a k e f u l l 
a d v a n t a g e of t h e m a c r o s c o p i c n a t u r e of t h e p r o g r a m . The ZONE model 
assumes t h e t w o - s e c o n d s c a n n i n g p e r i o d which was r e f l e c t e d i n more r e c e n t 
a p p l i c a t i o n s of TRANS ( 3 9 ) . 
A t w o - s e c o n d s c a n n i n g c y c l e and a f r e e - f l o w s p e e d of 53 f t / s e c 
( t h e mean of t h e d i s t r i b u t i o n u s e d by t h e o t h e r mode l s ) i m p l i e s a 1 0 6 -
f o o t zone l e n g t h . F i n a l l y , a s suming an a v e r a g e v e h i c l e l e n g t h of 20 
f e e t , t h e c a p a c i t y of e ach zone i s f i v e v e h i c l e s . To t e s t t h e e f f e c t s 
of a t w o - s e c o n d s c a n c y c l e , a s p e c i f i c s i t u a t i o n was t e s t e d u n d e r v a r y ­
i n g s c a n c y c l e s , w i t h r e s u l t s r e p o r t e d i n C h a p t e r IV. 
The p h y s i c a l i n t e r s e c t i o n h a s no c o u n t e r p a r t i n t h e m o d e l . V e h i ­
c l e s a r e t r a n s f e r r e d from t h e f i r s t ( e x i t ) zone of t h e s o u r c e l i n k t o 
t h e d e s t i n a t i o n l i n k . T h i s movement makes i n t e r s e c t i o n geome t ry imma­
t e r i a l a n d , a s a r e s u l t , l i n k geomet ry c o n s i d e r a t i o n s (number of l a n e s , 
t u r n l a n e s , e t c . ) p r e s e n t t h e o n l y r e s t r i c t i o n t o ne twork r e p r e s e n t a t i o n . 
The ZONE model u t i l i z e s t h e compute r words a s s o c i a t e d w i t h i n d i ­
v i d u a l ne twork zones t o i n d i c a t e t h e number of v e h i c l e s on s p e c i f i c s e g ­
ments of r o a d w a y , w h e r e a s t h e UB model u t i l i z e s t h e b l o c k t o i n d i c a t e t h e 
i n d e x of t h e v e h i c l e c o n c e r n e d . 
V e h i c l e R e p r e s e n t a t i o n 
The ZONE model i s u n i q u e among t h e f o u r models t e s t e d i n t h a t 
v e h i c l e s a r e t r e a t e d i n c l u s t e r s r a t h e r t h a n i n d i v i d u a l l y . Only i n t h e 
c r i t i c a l a r e a of t h e i n t e r s e c t i o n d o e s t h e ZONE model r e s o r t t o t h e 
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i n d i v i d u a l hand l ing of v e h i c l e s . As a r e s u l t o f t h i s no computer memory 
i s a l l o c a t e d t o s t o r i n g d a t a on v e h i c l e s . 
T r a f f i c Movement 
The movement of t r a f f i c i n the ZONE model i s d i v i d e d i n t o i n t e r ­
l i n k movements and i n t r a - l i n k movements. I n t e r - l i n k movements are c h a r ­
a c t e r i z e d by a v e h i c l e - b y - v e h i c l e c o n s i d e r a t i o n w h i l e i n t r a - l i n k move­
ments manipulate p l a t o o n s of v e h i c l e s . 
I n t e r - L i n k Movements. The i n t e r - l i n k movements t r a n s f e r v e h i c l e s 
from the f i r s t ( e x i t ) zone o f the source l i n k t o t h e h o l d i n g area of t h e 
d e s t i n a t i o n l i n k . The ZONE model has no r e p r e s e n t a t i o n of v e h i c l e s 
w i t h i n an i n t e r s e c t i o n . V e h i c l e s are drawn from t h e e x i t zone one a t a 
t i m e . A Monte Carlo t e c h n i q u e i s a p p l i e d t o de termine t h e d e s t i n a t i o n 
l i n k and t h e move i s a t t e m p t e d . 
An aborted e x i t w i l l cause t h e model t o s t o p p r o c e s s i n g t h e l a n e 
and proceed t o the nex t l a n e o f t h a t l i n k or a new l i n k , whichever i s 
a p p r o p r i a t e . I f a l e f t turn f a i l s t o f i n d an a c c e p t a b l e gap i n t h e 
oppos ing f l o w , a f l a g i s s e t and t h e model w i l l not p r o c e s s any i n t e r ­
l i n k movements from t h a t l a n e u n t i l the f i r s t v e h i c l e comp le t e s a l e f t -
turn maneuver. 
The number of v e h i c l e s which may be t r a n s f e r r e d from an e x i t zone 
depends on s e v e r a l f a c t o r s . I f the l i n k i s i n t h e queue s t a t e , then a 
d i s c h a r g e r a t e r e s t r i c t s t h e number o f v e h i c l e s which can be t r a n s f e r r e d . 
I f t h e d e s t i n a t i o n r e f u s e d e n t r y or i f an a c c e p t a b l e gap i s not found f o r 
a l e f t t u r n , t h e t r a n s f e r r i n g i s t e r m i n a t e d . O t h e r w i s e , a l l v e h i c l e s i n 
t h e e x i t zone are assumed t o move a t the f r e e - f l o w s p e e d , 53 f t / s e c , t o 
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t h e i r d e s i r e d d e s t i n a t i o n s . 
A l l v e h i c l e s i n t h e e x i t zone are s topped by a red l i g h t . I f t h e 
l i g h t i s amber and i f t h e turn f l a g i n d i c a t e s a v e h i c l e i s w a i t i n g f o r a 
l e f t t u r n , t h a t v e h i c l e i s p e r m i t t e d t o t r a v e r s e t h e i n t e r s e c t i o n . A l l 
o t h e r v e h i c l e s are s topped by t h e amber l i g h t . 
I t shou ld be p o i n t e d out t h a t t h e method of roadway r e p r e s e n t a ­
t i o n used i n t h e ZONE model makes a l l gaps i n t e g r a l m u l t i p l e s of s c a n n i n g 
t i m e . For l a r g e r s c a n n i n g c y c l e t i m e s , t h i s assumpt ion i s much c o a r s e r 
than t h e a c c e p t a n c e graph i n d i c a t e s . For example , w i t h a scan t ime of 5 
s e c o n d s , o n l y gaps o f s i z e 0 , 5 , 1 0 , 15 and 20+ seconds are p o s s i b l e . 
In tra -L ink Movement. Once the f i r s t zone o f a l i n k has been 
p r o c e s s e d , t h e remaining zones are p r o c e s s e d by a very s i m p l e a l g o r i t h m . 
The model advances a s many v e h i c l e s from t h e (j+±)th zone as can be 
accommodated i n the jth zone . Any v e h i c l e s not advancing are c o n s i d e r e d 
t o have been d e l a y e d . 
Sakai and Nagao (33 ) proposed a more complex scheme f o r advancing 
v e h i c l e s from zone t o zone . A t r a n s f e r formula was s p e c i f i e d which r e ­
l a t e d the number of v e h i c l e s advanced t o t h e r e l a t i v e speed o f t h e two 
zones concerned . The zone speed was e s t i m a t e d based on b lock d e n s i t y . 
F igure 10 i n d i c a t e s t h e p r o p a g a t i o n o f a t r a f f i c stream under t h i s 
formula . Although t h i s approach seems d e s i r a b l e , t h e approach employed 
i n t h e TRANS model was i n c o r p o r a t e d i n t h e ZONE model . This approach 
a l l o w s queue d i s c h a r g e r e s t r i c t i o n s t o spread out a p l a t o o n and are com­
p u t a t i o n a l l y more e f f i c i e n t . 
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Measures of E f f e c t i v e n e s s 
The ZONE model p r o v i d e s o u t p u t on a v e r a g e d e l a y and maximum queue 
l e n g t h s . A l l s t a t i s t i c s a r e p r i n t e d by i n d i v i d u a l l i n k , by i n t e r s e c t i o n 
and by t o t a l s y s t e m p e r f o r m a n c e . S t a t i s t i c s on t u r n i n g maneuvers a r e n o t 
r e c o r d e d . 
As ne twork zones a r e p r o c e s s e d , a l l v e h i c l e s a r e e i t h e r advanced 
o r d e l a y e d . I f d e l a y o c c u r s i n a z o n e , t h e number of v e h i c l e s d e l a y e d 
i s r e c o r d e d . The number of v e h i c l e s p r o c e s s e d on a l i n k i s d i v i d e d i n t o 
t h e c u m u l a t i v e d e l a y t o o b t a i n a v e r a g e d e l a y . F i e l d s t u d i e s ( 3 8 ) i n d i ­
c a t e t h a t t h i s measu re i s a d e q u a t e f o r l i g h t - t o - m e d i u m t r a f f i c ; h o w e v e r , 
a v e r a g e d e l a y e s t i m a t e s a r e lower t h a n e x p e c t e d i n heavy t r a f f i c . 
The number o f v e h i c l e s i n t h e f r o n t zone of a g i v e n l i n k i s 
examined whenever t h e t r a f f i c s i g n a l t u r n s g r e e n . A l l v e h i c l e s i n t h i s 
zone a r e c o n s i d e r e d t o be i n t h e q u e u e . I f t h e e x i t zone i s f u l l , t h e 
n e x t zone i s examined . I f t h i s i s f u l l a l l t h e v e h i c l e s a r e c o n s i d e r e d 
t o b e i n t h e queue and t h e n e x t zone i s examined . The f i r s t n o n - f u l l 
zone marks t h e end o f t h e q u e u e . I f t h i s zone i s be low h a l f f u l l , t h e 
v e h i c l e s a r e c o n s i d e r e d t o be moving and n o t i n t h e q u e u e ; o t h e r w i s e , 
t h e v e h i c l e s a r e t h e l a s t members of t h e q u e u e . 
G e n e r a l Model Flow 
The g e n e r a l f low of t h e ZONE model i s i l l u s t r a t e d i n F i g u r e 1 1 . 
A c o m p l e t e l i s t i n g of t h e p rogram i s g i v e n i n Appendix D. The i n i t i a l i ­
z a t i o n p h a s e c o n s i s t s of f o u r s u b r o u t i n e s . 
EXTERN - t o r e a d d a t a c a r d s on e x t e r n a l n o d e s . 
INTERN - t o r e a d d a t a c a r d s on i n t e r n a l n o d e s and s i g n a l s . 
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EXTERN 
•Reads d a t a on e x t e r n a l nodes 
INTERN 
•Reads d a t a on i n t e r n a l nodes 
and s i g n a l s . 
INPLKS 
•Reads d a t a on a l l ne twork l i n k s . 
SETUP 
• E s t a b l i s h e s ne twork r e l a t i o n ­
s h i p s such a s l i n k d e s t i n a t i o n s , 
e t c . 
I n c r e m e n t s CLOCK and s e e s 
w h e t h e r r u n i s o v e r . 
No 
SIGCHK 
•Checks e a c h s i g n a l f o r change 
and g a t h e r s queue d a t a i f t u r n e d 
g r e e n . 
VEGEN 
•Checks e x t e r n a l nodes f o r i n p u t 
and c r e a t e s v e h i c l e s when r e a d y . 
Yes STAT 
• P r i n t s s t a t i s t i c s by 
l i n k , i n t e r s e c t i o n 
and t o t a l s y s t e m . 
STOP 
INTERL 
•Takes p l a t o o n i n e x i t zones and 
a d v a n c e s v e h i c l e s i n d i v i d u a l l y 
t o new l i n k . 
INTRAL 
•Pe r fo rms zone t o zone movement 
on each l i n k . 
HOLDOU 
•Takes v e h i c l e s o u t of h o l d i n g 
a r e a and p l a c e s them on l i n k . 
F i g u r e 1 1 . G e n e r a l Flow of ZONE Model 
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INPLKS - t o r e a d d a t a c a r d s on a l l ne twork l i n k s . 
SETUP - t o m a n i p u l a t e d a t a i n t o d e s i r e d form and s c h e d u l e 
t h e f i r s t a r r i v a l f o r each i n p u t n o d e . 
The main body of t h e s i m u l a t i o n program c o n s i s t s of f i v e p r i m a r y 
s u b r o u t i n e s and f i v e a u x i l i a r y s u b p r o g r a m s . 
The SIGCHK s u b r o u t i n e c h e c k s t h e s i g n a l a t e a c h i n t e r s e c t i o n node 
t o s e e i f a change i s d e s i r e d . A change t o g r e e n w i l l c a u s e t h e queue 
l e n g t h t o be e v a l u a t e d on t h e a p p r o p r i a t e i n p u t l i n k s . 
The VEGEN s u b r o u t i n e c h e c k s each node t o s e e i f i t i s t i m e t o 
c r e a t e a new v e h i c l e . I f t h i s i s d e s i r e d , a new v e h i c l e i s c r e a t e d and 
t h e n e x t v e h i c l e t o e n t e r i s s c h e d u l e d . Because of t h e l a r g e r s c a n n i n g 
t i m e s , a node may o f t e n i n p u t more t h a n one v e h i c l e a t t h e same t i m e . 
New v e h i c l e s a r e p l a c e d i n t h e h o l d i n g a r e a of t h e a p p r o p r i a t e l i n k . 
The INTERL s u b r o u t i n e p r o c e s s e s v e h i c l e s i n t h e f i r s t ( e x i t ) zone 
of each l a n e o f a l l l i n k s w h i l e t h e INTRAL s u b r o u t i n e p r o c e s s e s a l l o t h e r 
z o n e s . The s i m p l i c i t y of t h e s e r o u t i n e s i s such t h a t o n l y t h r e e s u p ­
p o r t i n g subprog rams a r e n e c e s s a r y . 
The HOLDOU s u b r o u t i n e removes v e h i c l e s from t h e l i n k h o l d i n g a r e a s 
and p l a c e s t h e s e v e h i c l e s on t h e i r r e s p e c t i v e l i n k s . T h i s i s done by i n ­
c r e a s i n g t h e c o n t e n t s of t h e l a s t zone by t h e number of v e h i c l e s i n t h e 
h o l d i n g a r e a . 
The N e x t - E v e n t Model 
The s econd major d e p a r t u r e from t h e more c l a s s i c a l c o n c e p t s of t h e 
c o n t i n u o u s and u n i t b l o c k models i s a g roup of models known a s n e x t - e v e n t 
s i m u l a t i o n m o d e l s . By c o n c e n t r a t i n g on t h e e v e n t s e q u e n c e s e e n by a 
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v e h i c l e i n s t e a d of t h e p o s i t i o n s e q u e n c e , r e s e a r c h e r s hoped t o improve 
t h e s p e e d of t h e s i m u l a t i o n program w i t h o u t s a c r i f i c i n g t h e a c c u r a c y of 
a model i n p r e d i c t i n g t h e d e s i r e d measure of e f f e c t i v e n e s s . 
K e l l ( 2 3 ) , Thomasson ( 3 6 ) and Wrigh t ( 4 3 ) u sed e v e n t - o r i e n t e d 
models t o s t u d y v a r i o u s t y p e s of i n t e r s e c t i o n s . Wohl ( 4 1 ) s u g g e s t e d 
t h i s a p p r o a c h t o s t u d y t h e f reeway m e r g i n g p r o b l e m , w h i l e F r a n c i s and 
L o t t ( 11 ) u sed a s i m i l a r t e c h n i q u e i n s t u d y i n g a t r a f f i c n e t w o r k . 
A second s e t of u s e r s of t h e n e x t - e v e n t c o n c e p t i s t h e g r o u p of 
r e s e a r c h e r s who have programmed t h e i r models i n s i m u l a t i o n l a n g u a g e s 
such a s GPSS. Schwar t z ( 34 ) d e v e l o p e d a GPSS model t o s i m u l a t e a g e n ­
e r a l t r a f f i c n e t w o r k , t h e n a p p l i e d t h e p rogram t o a segment of B o s t o n . 
B a r n e s ( 1 ) d e v e l o p e d a s e t of GPSS p rog rams t o s i m u l a t e d i f f e r e n t t y p e s 
o f i n t e r s e c t i o n s . I t i s from t h e s e two works t h a t a m a j o r i t y of t h e 
l o g i c h a s b e e n t a k e n t o d e v e l o p t h e l a s t p rogram p r e s e n t e d i n t h i s t h e ­
s i s . T h i s p rogram w i l l be r e f e r r e d t o a s t h e NEXT m o d e l . 
Roadway R e p r e s e n t a t i o n and T r a f f i c Movement 
I n an e v e n t - o r i e n t e d m o d e l , v e h i c l e a c t i o n s a r e r e l a t e d t o s p e ­
c i f i c p o i n t s i n t i m e r a t h e r t h a n p r e c i s e l o c a t i o n s on t h e r o a d w a y . S i n c e 
e a c h e v e n t i s a s s o c i a t e d w i t h a d i f f e r e n t p o s i t i o n a l o n g t h e r o a d w a y , 
p o s i t i o n d o e s n o t have t o be e x p l i c i t l y d e f i n e d . At t h e t i m e of an 
o c c u r r e n c e of an e v e n t , t h e p o s i t i o n of t h e v e h i c l e i s known. Between 
t h e o c c u r r e n c e s of two e v e n t s , t h e v e h i c l e i s i n a t r a n s i t i o n s t a t e . 
Between two i n t e r s e c t i o n s t h e a c t u a l roadway r e p r e s e n t a t i o n i s a 
s e q u e n c e of t h r e e e v e n t s . F i g u r e 12 i l l u s t r a t e s t h e s e p o i n t s f o r a o n e -















F i g u r e 1 2 . Event Sequence f o r NEXT Model 
The f i r s t p o i n t on t h e roadway marks t h e e n t r a n c e of t h e v e h i c l e t o t h a t 
l i n k . The s econd p o i n t of i n t e r e s t i s t h e queue e n t r a n c e t i m e . I f no 
l i n e e x i s t s , t h e v e h i c l e i n s t a n t a n e o u s l y r e p r e s e n t s a queue of l e n g t h 
o n e . When t h e v e h i c l e r e a c h e s t h e f r o n t of t h e q u e u e , a t h i r d e v e n t 
o c c u r s i n t h a t i t now becomes r e a d y t o e n t e r t h e i n t e r s e c t i o n . 
The i n t e r s e c t i o n i s d i v i d e d i n t o s q u a r e s and t h e v e h i c l e i s a d ­
vanced from one s q u a r e t o t h e n e x t . P o i n t 4 marks t h e two p o s s i b l e e x i t 
p o i n t s o f t h e SI s q u a r e . The d e s i r e d t u r n i n g movement w i l l d e t e r m i n e 
which e x i t p o i n t i s e n c o u n t e r e d . P o i n t 5 marks t h e e x i t p o i n t s f o r t h e 
S2 s q u a r e and p o i n t 6 i s t h e e x i t p o i n t f o r S 3 . 
T a b l e 5 s p e c i f i e s t h e d i f f e r e n t s t a t e s p o s s i b l e f o r a v e h i c l e . 
Some o f t h e s t a t e s have d e f i n i t e t i m e d u r a t i o n s a s s o c i a t e d w i t h t h e m , 
w h i l e o t h e r s a r e d e l a y s t a t e s and a r e s y s t e m d e p e n d e n t . For e x a m p l e , t h e 
t i m e d u r a t i o n f o r c r o s s i n g an i n t e r s e c t i o n s q u a r e depends on t h e d e s i r e d 
t u r n i n g movement , t h e t y p e of i n t e r s e c t i o n and an a c c e l e r a t i o n f a c t o r ; 
w h i l e t r a v e l t i m e down a l i n k i s a f u n c t i o n o n l y of t h e d e s i r e d v e l o c i t y 
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and t h e l i n k l e n g t h . Time s p e n t i n a queue s t a t e i s a n a t u r a l r e s u l t of 
t h e s i m u l a t i o n e x e c u t i o n . 
T a b l e 5 . P o s s i b l e S t a t e s of V e h i c l e i n NEXT Model 
S t a t e Event D e s c r i p t i o n D u r a t i o n 
0 1-2 F r e e - f l o w i n l i n k Formula 
1 2-3 I n q u e u e , no t f i r s t v e h i c l e D e l a y - s y s t e m 
d e p e n d e n t 
2 3 Blocked a t head of queue by l i g h t D e l a y e d - s y s t e m 
3 CO
 
Blocked by queue d i s c h a r g e r a t e o r 
c o n g e s t e d i n t e r s e c t i o n 
Delay 
4a 4 F r e e - f l o w t h r o u g h S I Formula 
4b 4 Blocked by c o n g e s t i o n a t e x i t p o i n t Delayed 
5a 5 F r e e - f l o w t h r o u g h S2 Formula 
5b 5 Blocked by c o n g e s t i o n a t e x i t p o i n t Delayed 
6 6 F r e e - f l o w t h r o u g h S3 Formula 
T r a n s i t i o n from one s t a t e t o a n o t h e r i s b a s e d on t h e c o n d i t i o n of 
t h e s y s t e m and t h e a s s o c i a t e d r u l e s , such a s maximum queue d i s c h a r g e 
r a t e , i n t e r s e c t i o n c a p a c i t y and gap a v a i l a b i l i t y f o r l e f t - t u r n i n g v e h i ­
c l e s . 
V e h i c l e R e p r e s e n t a t i o n 
The v e h i c l e i s r e p r e s e n t e d by a s e t of e i g h t compute r w o r d s . 
These words c o n t a i n : 
1 . D e s i r e d Speed 
2 . P r e s e n t Link 
3 . P r e s e n t Lane 
4 . D e s i r e d T u r n i n g Movement 
5 . Time V e h i c l e E n t e r e d Link 
5 5 
6. C u r r e n t S t a t e of t h e V e h i c l e 
7 . Time V e h i c l e i s Schedu l ed t o Change S t a t e s 
8 . I ndex of t h e Next V e h i c l e on t h e S c h e d u l e C h a i n . 
I t ems 1 t h r o u g h 4 a r e common t o a l l of t h e models which t r e a t 
v e h i c l e s i n d e p e n d e n t l y . At t h e t i m e of l i n k e n t r a n c e , t h e v a l u e of t h e 
s i m u l a t i o n c l o c k i s s t o r e d f o r t h e e n t e r i n g v e h i c l e and t h i s t i m e i s 
used t o c a l c u l a t e d e l a y when t h e v e h i c l e e x i t s t h e l i n k . I tem 6 i n d i ­
c a t e s t h e s t a t e of t h e v e h i c l e w h i l e i t e m 7 s p e c i f i e s t h e s c h e d u l e d t i m e 
of t h e n e x t s t a t e c h a n g e . I tem 8 w i l l be e x p l a i n e d i n t h e n e x t s e c t i o n . 
V e h i c l e Movement and t h e Even t Chain 
An o r d e r e d l i s t o r " c h a i n " of a l l v e h i c l e s i n t h e ne twork i s m a i n ­
t a i n e d . The o r d e r i n g i s by s c h e d u l e d e v e n t t i m e , i t e m 7 of t h e v e h i c l e 
r e c o r d . V e h i c l e s w i t h t h e s m a l l e s t s c h e d u l e d e v e n t t i m e s a r e a t t h e t o p 
of t h e l i s t . De layed v e h i c l e s m a i n t a i n t h e e v e n t t i m e s t h e y had when 
t h e y e n t e r e d t h e d e l a y s t a t e . Thus t h e y a r e above v e h i c l e s which a r e 
s c h e d u l e d t o change s t a t e s a t some p o i n t i n t h e f u t u r e . 
The n e x t v e h i c l e t o b e p r o c e s s e d i s t h e f i r s t v e h i c l e on t h e c h a i n 
w i t h an e v e n t t i m e g r e a t e r t h a n o r e q u a l t o t h e c u r r e n t s i m u l a t i o n c l o c k 
t i m e . 
The f i r s t v e h i c l e on t h e c h a i n i s i d e n t i f i e d by a p o i n t e r . T h i s 
r e c o r d of t h i s v e h i c l e i n d i c a t e s t h e n e x t v e h i c l e on t h e c h a i n by t h e 
l a s t d a t a i t e m . By g o i n g from v e h i c l e t o v e h i c l e t h e c h a i n can be c o n ­
s t r u c t e d . The p r o c e s s i s i d e n t i c a l t o t h e t e c h n i q u e u s e d i n t h e CONT 
model t o e s t a b l i s h t h e o r d e r i n g of t h e v e h i c l e s on a s p e c i f i c l i n k . 
V e h i c l e s a r e "moved" t h r o u g h t h e ne twork by c h a n g i n g t h e i r 
r e c o r d s . When t h e s i m u l a t i o n c l o c k e q u a l s t h e e v e n t t i m e , t h e model 
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a t t e m p t s t o change t h e s t a t e of t h e v e h i c l e . The c o n d i t i o n s which a r e 
n e c e s s a r y depend on t h e o l d s t a t e of t h e v e h i c l e . 
Measures o f E f f e c t i v e n e s s 
The NEXT model p r o v i d e s o u t p u t on a v e r a g e d e l a y , number of s t o p s 
and t h e queue l e n g t h s . A l l s t a t i s t i c s a r e summarized by l i n k , by i n t e r ­
s e c t i o n and by t o t a l s y s t e m p e r f o r m a n c e t 
Delay i s d e f i n e d a s t h e d i f f e r e n c e b e t w e e n a c t u a l t r a v e l t i m e and 
u n d e l a y e d t r a v e l t i m e . S i n c e a l l s t a t e d u r a t i o n s o t h e r t h a n d e l a y a r e 
c a l c u l a t e d from d e t e r m i n i s t i c f u n c t i o n s , t h e u n d e l a y e d t r a v e l t i m e i s 
e a s i l y e v a l u a t e d when t h e d e s i r e d s p e e d , l i n k l e n g t h and i n t e r s e c t i o n 
geome t ry a r e known. I f p r o b a b i l i s t i c f u n c t i o n s had b e e n u s e d , t h e r e ­
s u l t i n g d e l a y e s t i m a t e s migh t n o t be m e a n i n g f u l . For e x a m p l e , i f 
e x p e c t e d t r a v e l t i m e were u sed t o c a l c u l a t e d e l a y and a v e h i c l e drew a 
f a s t a c c e l e r a t i o n r a t e , t h e r e s u l t i n g d e l a y migh t have a n e g a t i v e v a l u e . 
A d d i t i o n a l l y , t h e f i e l d d a t a u sed t o e s t i m a t e t h e n e c e s s a r y p a r a m e t e r s 
would have t o be d e v o i d of any d e l a y , i f t h e s i m u l a t i o n model i s t o p r e ­
d i c t t h i s d e l a y t h r o u g h s y s t e m p e r f o r m a n c e . 
Each t i m e t h e v e h i c l e e n t e r s a d e l a y s t a t e , a s t o p i s r e c o r d e d . 
The maximum number of s t o p s a v e h i c l e can c o n t r i b u t e t o t h e c u m u l a t i v e 
t o t a l s t o p s f o r a g i v e n l i n k i s a f u n c t i o n of t h e t u r n i n g movement d e ­
s i r e d . A l e f t - t u r n i n g v e h i c l e would s t o p a s many a s t h r e e t i m e s w h i l e a 
r i g h t - t u r n i n g v e h i c l e c o u l d e n c o u n t e r one s t o p a t m o s t . 
The NEXT model i s t h e o n l y model which c o n t i n u o u s l y m a i n t a i n s 
s t a t i s t i c s on t h e s t a t u s of a q u e u e . S i n c e queue e n t r a n c e t i m e i s n o t 
s c h e d u l e d u n t i l t h e f u l l l e n g t h of t h e l i n k h a s b e e n t r a v e r s e d , t h i s 
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s t a t i s t i c s h o u l d be somewhat l o w e r t h a n t h a t measured by t h e o t h e r 
m o d e l s . A more complex a l g o r i t h m migh t be used t o c a l c u l a t e t r a v e l t i m e 
t o t h e end of t h e queue i f t h i s s t a t i s t i c were used a s a p r i m a r y measu re 
of e f f e c t i v e n e s s . Such an a l g o r i t h m would c o n s i d e r queue l e n g t h , v e h i ­
c l e l e n g t h , d i s c h a r g e r a t e and c u r r e n t s t a t e of l i g h t and t i m e of n e x t 
l i g h t c h a n g e . 
G e n e r a l Model Flow 
The g e n e r a l f low of t h e NEXT model i s i l l u s t r a t e d i n F i g u r e 1 3 . 
A c o m p l e t e l i s t i n g of t h e p rogram i s g i v e n i n Appendix E. The i n i t i a l i ­
z a t i o n p h a s e c o n s i s t s of f o u r s u b r o u t i n e s : 
EXTERN - t o r e a d d a t a c a r d s on e x t e r n a l n o d e s . 
INTERN - t o r e a d d a t a c a r d s on i n t e r n a l nodes and s i g n a l s . 
INPLKS - t o r e a d d a t a c a r d s on a l l ne twork l i n k s . 
SETUP - t o m a n i p u l a t e d a t a i n t o d e s i r e d form and s c h e d u l e 
t h e f i r s t a r r i v a l f o r each i n p u t n o d e . 
The main body of t h e s i m u l a t i o n p rogram c o n s i s t s of t h r e e p r i m a r y 
s u b r o u t i n e s and n i n e a u x i l i a r y s u b p r o g r a m s . As i n d i c a t e d i n F i g u r e 1 3 , 
t h e o r g a n i z a t i o n and p r o c e s s i n g of t h e s e s u b r o u t i n e s d i f f e r s d r a s t i c a l l y 
from t h a t of t h e o t h e r t h r e e m o d e l s . 
The main program examines t h r e e s u b r o u t i n e c l o c k s t o s e e when t h e 
n e x t s t a t e change of some s y s t e m component i s g o i n g t o o c c u r . These 
c l o c k s a r e : 
SIGTIM - t h e t i m e of t h e n e x t s i g n a l c h a n g e . 
VEGTIM - t h e c r e a t i o n t i m e of t h e n e x t new v e h i c l e . 
MOVTIM - t h e n e x t v e h i c l e e v e n t t i m e . 
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EXTERN 
•Reads d a t a on e x t e r n a l n o d e s . 
INTERN 
•Reads d a t a on i n t e r n a l nodes 
and s i g n a l s . 
INPLKS 
•Reads d a t a on a l l ne twork 
l i n k s . 
SETUP 
• E s t a b l i s h e s ne twork r e l a t i o n ­
s h i p s such a s l i n k d e s t i n a ­
t i o n . 
S e t s CLOCK e q u a l t o 
min{VEGTIM,SIGTIM,M0VTIM} 




• P r i n t s s ta t i s - l 
t i c s by l i n k , 
i n t e r s e c t i o n 
and t o t a l 




•Upda te s f i r s t 
s i g n a l on s i g n a l 
c h a i n and c h e c k s 
n e x t s i g n a l f o r 
t i m e of c h a i n . 
VEGEN 
• C r e a t e s v e h i c l e 
f o r e x t e r n a l node 
and c h e c k s n e x t 
node f o r n e x t 
a r r i v a l 
MOVVEH 
• P r o c e s s e s a l l v e h i ­
c l e s on v e h i c l e 
c h a i n which have a 
s t a t e change t i m e 
l e s s t h a n o r e q u a l 
t o v a l u e of CLOCK. 
F i g u r e 1 3 . G e n e r a l Flow of NEXT Model 
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The s i m u l a t i o n c l o c k i s advanced t o t h e minimum of t h e s e t h r e e t i m e s . 
C o n t r o l i s t h e n p a s s e d t o t h e a p p r o p r i a t e s u b r o u t i n e . 
The SIGCHK s u b r o u t i n e c h a n g e s t h e s t a t e of t r a f f i c s i g n a l s when 
i t i s d e s i r e d . L ike t h e v e h i c l e s , s i g n a l s a r e m a i n t a i n e d on a c h a i n i n 
an e v e n t t i m e o r d e r i n g . T h i s f e a t u r e e l i m i n a t e s t h e n e c e s s i t y o f c h e c k ­
i n g each s i g n a l t o s e e i f a change i s n e c e s s a r y . 
The VEGEN s u b r o u t i n e c r e a t e s v e h i c l e s and p l a c e s them on t h e d e ­
s i r e d l i n k . Because of t h e method of p r o c e s s i n g v e h i c l e s , no h o l d i n g 
a r e a i s r e q u i r e d i n t h i s mode l . 
The MOVVEH s u b r o u t i n e m a n i p u l a t e s v e h i c l e s which a r e s c h e d u l e d t o 
be p r o c e s s e d a t t h e c u r r e n t c l o c k t i m e o r a r e i n a d e l a y s t a t e . I f a 
c o n g e s t e d l i n k has p r o h i b i t e d a newly c r e a t e d v e h i c l e from e n t e r i n g t h e 
s y s t e m , t h e VEGEN r o u t i n e i s c a l l e d t o s e e i f t h e c o n g e s t i o n h a s d i s s i ­
p a t e d . 
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CHAPTER IV 
COMPARISON AND EVALUATION OF MODEL PERFORMANCE 
Once t h e four models were programmed and debugged, an e x t e n s i v e 
t e s t i n g program was undertaken t o compare t h e behav ior of t h e models 
under d i f f e r e n t s i t u a t i o n s . 
Model V e r i f i c a t i o n and V a l i d a t i o n 
Before t h e a c t u a l comparison of t h e models was c o n s i d e r e d , a num­
ber of computer runs were devoted t o e s t a b l i s h i n g t h e c r e d i b i l i t y o f t h e 
programs. This o p e r a t i o n was d i v i d e d i n t o two p h a s e s : 
1 . The v e r i f i c a t i o n s t a g e , which was concerned wi th comparing 
t h e o p e r a t i o n s o f t h e program a g a i n s t t h e d e s i r e d l o g i c o f 
the model . 
2 . The v a l i d a t i o n s t a g e , which was concerned wi th comparing 
t h e r e s p o n s e s o f t h e models w i t h e x p e c t e d b e h a v i o r o f a 
p h y s i c a l network. 
Model V e r i f i c a t i o n 
A s e r i e s o f t e s t s were performed t o a n a l y z e t h e l o g i c a l b e h a v i o r 
of each o f t h e models under d i f f e r e n t t r a f f i c c o n d i t i o n s . A d d i t i o n a l 
t e s t s were performed on s p e c i f i c components t h a t were common t o a l l o f 
t h e mode l s . These t e s t s were not in t ended as a means o f comparing t h e 
mode l s ; r a t h e r , they were performed t o show t h a t each o f t h e models p r o ­
duced a c c e p t a b l e v e h i c l e b e h a v i o r . 
Real i sm of T r a f f i c Movement. A number of output s t a t e m e n t s were 
added t o each of the programs. These s t a t e m e n t s prov ided d e t a i l e d 
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i n f o r m a t i o n on e v e r y movement o r d e c i s i o n of a l l v e h i c l e s i n t h e s y s t e m . 
Through an a n a l y s i s of t h i s o u t p u t , t h e c o m p l e t e movement of e ach v e h i ­
c l e c o u l d be t r a c e d t h r o u g h o u t i t s s o j o u r n i n t h e s y s t e m . Three t e s t 
n e t w o r k s were c o n s t r u c t e d a s i l l u s t r a t e d by F i g u r e 1 4 . Each model was 
r u n f o r 120 s e c o n d s of s i m u l a t i o n t i m e and t h e h i s t o r y of t h e v e h i c l e 
movements was o b t a i n e d . Cork b o a r d s , w i t h d r a w i n g s f o r e a c h n e t w o r k , 
and map p i n s were used t o v i s u a l l y t r a c e each v e h i c l e i n t h e n e t w o r k . 
The u s e of t h i s i n f o r m a t i o n r e s u l t e d i n s e v e r a l r e f i n e m e n t s t o t h e p r o ­
grams . 
A l though t h e s e v e r i f i c a t i o n t e s t s a l o n e a r e - n o t s u f f i c i e n t e v i ­
dence t o e s t a b l i s h t h e c r e d i b i l i t y of t h e m o d e l s , t h e y do p r o v i d e c o n ­
f i d e n c e i n t h e b a s i c s e q u e n c e of a c t i o n s f o l l o w e d by v e h i c l e s u n d e r d i f ­
f e r e n t s i t u a t i o n s . I n o p e r a t i v e forms o f t h e o u t p u t s t a t e m e n t s u s e d i n 
t h i s p h a s e of t e s t i n g have been r e t a i n e d i n t h e p rog ram l i s t i n g s . A 
l e t t e r C and f o u r a s t e r i s k s p r e c e d e t h e a c t u a l WRITE commands. 
Pseudo-Random Number T e s t s . A l though t h e method u s e d by a l l 
models f o r g e n e r a t i n g p seudo- r andom numbers i s c o n s i d e r e d a c c e p t a b l e , 
a s e r i e s of t e s t s were c o n d u c t e d t o i n s u r e t h a t p r o p e r p a r a m e t e r s would 
be u s e d i n t h e a c t u a l r u n s . U t i l i z i n g d i f f e r e n t random number s e e d s t h e 
f o l l o w i n g p r o c e d u r e was employed . F i r s t 5000 p s e u d o - r a n d o m numbers were 
g e n e r a t e d . Next t h e numbers were g rouped i n t o c l a s s e s w i t h an i n t e r v a l 
w i d t h of 0 . 1 and a c h i - s q u a r e g o o d n e s s - o f - f i t t e s t p e r f o r m e d . Then t h e 
s e q u e n c e was s u b j e c t e d t o a r u n s - u p and runs -down t e s t . F i n a l l y , s e r i a l 
c o r r e l a t i o n a n a l y s i s f o r l a g s of 2 , 4 , 6 and 10 were u s e d t o t e s t r a n ­
domness . 
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a . Two-Lane by Two-Lane 
I n t e r s e c t i o n 
b . F o u r - L a n e by F o u r - L a n e 
I n t e r s e c t i o n 
c . Network of Two Two-Lane 
by Two-Lane I n t e r s e c t i o n s 
F i g u r e 14 . Model V e r i f i c a t i o n Networks 
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A l l t e s t s were pe r fo rmed a t a 5 p e r c e n t l e v e l of c o n f i d e n c e . 
Only t h o s e s e e d s which p a s s e d a l l t e s t s were r e t a i n e d f o r u se i n t h e 
a c t u a l e x p e r i m e n t a l r u n s . 
V e h i c l e G e n e r a t i o n T e s t i n g . A l l models u sed t h e same method of 
g e n e r a t i n g e x p o n e n t i a l l y d i s t r i b u t e d i n t e r a r r i v a l t i m e s . To t e s t t h i s 
g e n e r a t o r , each s e e d s e l e c t e d by t h e p r e v i o u s t e s t s was u s e d t o s c h e d u l e 
a r r i v a l s f o r r a t e s o f 2 0 0 , 3 0 0 , 4 0 0 , 500 and 600 v e h i c l e s p e r h o u r . For 
each vo lume , a f i v e - h o u r sample was t a k e n and t h e r e s u l t i n g i n t e r a r r i v a l 
t i m e d i s t r i b u t i o n was t e s t e d w i t h a c h i - s q u a r e g o o d n e s s - o f - f i t t e s t . 
A d d i t i o n a l l y , f i v e - m i n u t e t r a f f i c c o u n t s were o b t a i n e d and t e s t e d a g a i n s t 
t h e a p p r o p r i a t e P o i s s o n d i s t r i b u t i o n . A l l s e e d s p a s s e d each t e s t a t a 
5 p e r c e n t l e v e l of s i g n i f i c a n c e . 
Model V a l i d a t i o n 
A f t e r t h e l o g i c of each p rogram had been checked a s d e s c r i b e d 
a b o v e , t h e c o m p a r i s o n of model p e r f o r m a n c e w i t h e x p e c t e d b e h a v i o r was 
u n d e r t a k e n . I t i s r e a l i z e d t h a t a c o m p l e t e a s s e s s m e n t of t h e a c c u r a c y 
of t h e s i m u l a t i o n p rog rams can be a c c o m p l i s h e d o n l y t h r o u g h t h e a p p l i c a ­
t i o n of an e x t e n s i v e f i e l d t e s t i n g p rog ram. However , t h i s t y p e of v a l i ­
d a t i o n i s a most d i f f i c u l t u n d e r t a k i n g even when u n l i m i t e d r e s o u r c e s a r e 
a v a i l a b l e . I t was hoped t h a t t h e models c o u l d be compared t o some of t h e 
d e l a y s t u d i e s r e p o r t e d i n t h e l i t e r a t u r e . 
B e r r y ( 3 ) h a s p u b l i s h e d t h e r e s u l t s of e x t e n s i v e s t u d i e s i n t h e 
f i e l d measurement of d e l a y . However , t h e p u b l i s h e d r e p o r t on t h e s e 
s t u d i e s i s n o t c o m p l e t e i n t h e d e s c r i p t i o n of t h e roadway s e c t i o n s and 
v e h i c l e c h a r a c t e r i s t i c s . K e l l ( 2 4 ) e n c o u n t e r e d d i f f i c u l t y w i t h t h e t i m e 
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and manpower r e q u i r e d t o o b t a i n f i e l d d a t a , and w i t h a more i m p o r t a n t 
l i m i t a t i o n . The s i m u l a t i o n t e c h n i q u e which he u s e d , l i k e t h e ones u s e d 
h e r e , e v a l u a t e s t o t a l s y s t e m d e l a y . F i e l d s t u d i e s a r e g e n e r a l l y l i m i t e d 
t o measurement of s t o p p e d d e l a y , i g n o r i n g d e l a y a c c u m u l a t e d i n t h e 
p r o c e s s of a c c e l e r a t i n g and d e c e l e r a t i n g . The b a s i c p r o b l e m i n v a l i d a ­
t i o n i s s i m p l y t h a t i n f o r m a t i o n of t h e t y p e r e a d i l y o b t a i n e d from t h e 
model i s e x t r e m e l y d i f f i c u l t t o measure i n t h e f i e l d . 
W e b s t e r ' s E q u a t i o n . Webs te r ( 40 ) has d e v e l o p e d a r e l a t i o n s h i p 
be tween d e l a y and s a t u r a t i o n u s i n g a c o m b i n a t i o n of t h e o r e t i c a l and 
e m p i r i c a l t e c h n i q u e s . The g e n e r a l d e l a y e q u a t i o n i s 
2 2 _ c ( l - A ) x 
d " 2(1-Ax) + 2 q ( l - x ) - ° - 5 5 2 
1/3 (2+5A) 
x 
where d = a v e r a g e d e l a y p e r v e h i c l e on a p a r t i c u l a r a p p r o a c h arm 
of t h e i n t e r s e c t i o n . 
c = c y c l e l e n g t h i n s e c o n d s . 
X = p o r t i o n of t h e c y c l e which i s e f f e c t i v e l y g r e e n , 
q = f low r a t e i n v e h i c l e s p e r s e c o n d . 
x = t h e d e g r e e of s a t u r a t i o n . T h i s i s t h e r a t i o of t h e 
a c t u a l f low t o t h e maximal f low which can p a s s t h r o u g h 
t h i s a p p r o a c h arm of t h e i n t e r s e c t i o n . 
The f i r s t t e r m r e p r e s e n t s d e l a y f o r t r a f f i c a r r i v i n g a t a u n i f o r m 
r a t e , w h i l e t h e s econd t e r m r e p r e s e n t s added d e l a y c a u s e d by t h e random 
n a t u r e o f a r r i v a l s . The t h i r d t e r m r e p r e s e n t s an e m p i r i c a l c o r r e c t i o n 
t e r m added t o improve t h e ag reemen t of t h e e q u a t i o n w i t h a c t u a l r o a d 
c o n d i t i o n s . 
65 
To t e s t t h e v a l i d i t y o f t h e s i m u l a t i o n m o d e l s , t h e d e l a y e s t i ­
ma tes of a l l f o u r mode l s were compared t o t h a t computed by t h e Webs te r 
e q u a t i o n f o r v a r i o u s c o m b i n a t i o n s of f low r a t e s and t u r n i n g m a n e u v e r s . 
The f low r a t e s c o v e r e d 2 0 0 , 3 0 0 , 4 0 0 , 500 and 600 v e h i c l e s p e r h o u r . 
For each f low r a t e , t h e t u r n p e r c e n t a g e s i n d i c a t e d i n T a b l e 6 were 
s p e c i f i e d . 
T a b l e 6 . Turn P e r c e n t a g e s i n V a l i d a t i o n T e s t s 
Flow S e t R i g h t L e f t 
I 0% 0% 
I I 5 5 
I I I 10 10 
A l l t e r m s i n t h e Webs te r e q u a t i o n a r e e a s i l y o b t a i n e d w i t h t h e 
e x c e p t i o n of maximal f l o w . The maximal f low was d e t e r m i n e d i n t h i s 
s t u d y i n a c c o r d a n c e w i t h t h e 1965 Highway C a p a c i t y Manual ( 2 0 ) . The 
i n t e r s e c t i o n a p p r o a c h c o n s i d e r e d was a t w o - l a n e , two-way s t r e e t w i t h no 
p a r k i n g . Maximal f low was d e t e r m i n e d by a s s u m i n g a l o a d f a c t o r of u n i t y 
and a p p l y i n g t h e a p p r o p r i a t e t u r n i n g maneuver c o r r e c t i o n f a c t o r s . 
S i n c e t h e Highway C a p a c i t y Manual d o e s n o t t a k e i n t o a c c o u n t 
o p p o s i n g f low f o r l e f t t u r n s , an a d j u s t m e n t f a c t o r p r o p o s e d by C o l l i n s 
( 1 0 ) was u s e d . I n r u n s where l e f t - t u r n i n g t r a f f i c was p r e s e n t , t h e f low 
o b t a i n e d from t h e Highway C a p a c i t y Manual was m u l t i p l i e d by e ^ " ( q t + l ) 
where q i s t h e o p p o s i n g f low i n v e h i c l e s p e r s econd and t i s t h e a v e r a g e 
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a c c e p t a b l e gap i n s e c o n d s . T h i s a d j u s t e d maximal f low was t h e n u s e d t o 
c a l c u l a t e a v e r a g e d e l a y by t h e Webs te r e q u a t i o n . 
R e s u l t s of T e s t s . A t y p i c a l t w o - l a n e , r i g h t - a n g l e d i n t e r s e c t i o n 
was chosen f o r v a l i d a t i o n t e s t i n g . The c y c l e l e n g t h was s e t a t 60 
s e c o n d s w i t h 32 s e c o n d s of g r e e n t i m e on t h e main s t r e e t . Main s t r e e t 
f low r a t e s c o v e r e d 200 , 3 0 0 , 4-00, 500 and 600 v e h i c l e s p e r h o u r i n each 
d i r e c t i o n . The s i d e s t r e e t f low r a t e was h e l d c o n s t a n t a t f i v e v e h i c l e s 
p e r h o u r . Three s e t s of f low r a t e s were u sed i n o r d e r t o t e s t t h e s e n s i ­
t i v i t y of t h e models t o t h e t u r n p e r c e n t a g e s i n d i c a t e d e a r l i e r . 
Four r u n s of e ach s i m u l a t i o n model were p e r f o r m e d . Each r u n c o n ­
s i s t e d of 30 m i n u t e s of s i m u l a t i o n d a t a t i m e p r e c e d e d by a 3 - m i n u t e 
warm-up t i m e . For each r u n t h e a v e r a g e d e l a y p e r v e h i c l e on each main 
a p p r o a c h l i n k was computed and t h e two d a t a p o i n t s r e c o r d e d . For each 
c o m b i n a t i o n o f m o d e l , f low r a t e and t u r n i n g m a n e u v e r , t h e e i g h t d a t a 
p o i n t s were a v e r a g e d and a c o n f i d e n c e i n t e r v a l computed . T a b l e 7 g i v e s 
t h e r e s u l t s of t h e s i m u l a t i o n model c o m p a r i s o n s t o t h e d e l a y t i m e com­
p u t e d by t h e Webs t e r e q u a t i o n . The a d j u s t e d e q u a t i o n , s u g g e s t e d by 
C o l l i n s , i s a l s o i n c l u d e d f o r r e f e r e n c e . However , a l l s t a t i s t i c a l com­
p a r i s o n s were p e r f o r m e d w i t h t h e more a c c e p t e d Webs te r e q u a t i o n . 
F i g u r e s 1 5 , 16 and 17 p r e s e n t a g r a p h i c a l r e p r e s e n t a t i o n of t h e s e d a t a . 
The o v e r a l l a g r e e m e n t b e t w e e n t h e model r e s u l t s and t h e Webs te r 
e q u a t i o n a r e s a t i s f a c t o r y . The CONT model and UB model p r o d u c e d o n l y 
one r e j e c t i o n each o u t o f 15 i n d e p e n d e n t a p p l i c a t i o n s of a c o n f i d e n c e 
i n t e r v a l t e s t . The r e s u l t s of t h e s e two models a l s o compare f a v o r a b l y 
i n t h e low and medium f low r a n g e s . A w i d e r d i s p e r s i o n i s n o t e d i n t h e 
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500 t o 600 v e h i c l e s p e r hour r a n g e . The ZONE model i s s i g n i f i c a n t l y 
d i f f e r e n t from t h e Webs te r e q u a t i o n a t f o u r p o i n t s . A g e n e r a l t r e n d a t 
u n d e r e s t i m a t i n g d e l a y i n a l l b u t t h e h i g h f low r a t e s can be o b s e r v e d 
from t h e g r a p h s of t h e d a t a . The NEXT model was a l s o found t o be s i g ­
n i f i c a n t l y d i f f e r e n t from t h e Webster e q u a t i o n a t f o u r p o i n t s . I n g e n ­
e r a l t h i s model t e n d e d t o o v e r e s t i m a t e d e l a y . A more f a v o r a b l e a g r e e ­
ment was found be tween t h e NEXT model and t h e a d j u s t e d e q u a t i o n p r o p o s e d 
by C o l l i n s . 
T a b l e 7 . Average Delay p e r V e h i c l e f o r V a l i d a t i o n S tudy 
MODEL PREDICTIONS EQUATIONS 
FLOW CONT UB ZONE NEXT Webs te r A d j u s t e d 
200 9 . 5 4 9 .26 8 . 4 1 9 . 7 1 9 .0 9 . 0 
300 1 0 . 6 0 1 0 . 3 7 9 . 3 1 1 1 . 2 3 9 .9 9 . 9 
No Turns 400 1 0 . 9 5 1 0 . 9 5 9 .52 1 1 . 7 6 1 1 . 0 1 1 . 0 
500 1 1 . 8 4 1 1 . 8 8 1 0 . 0 3 * 1 2 . 8 3 1 2 . 2 1 2 . 2 
600 1 2 . 8 1 1 7 . 1 9 1 1 . 7 3 * 1 5 . 8 0 1 3 . 9 1 3 . 9 
200 9 .36 8 . 8 1 8 .70 9 . 9 9 9 . 6 9 . 6 
5% R i g h t 




1 1 . 1 3 
1 2 . 2 0 
1 5 . 5 3 
1 1 . 0 3 
1 3 . 3 9 
1 8 . 5 5 
1 0 . 0 5 
1 1 . 4 1 
1 7 . 0 9 
1 2 . 4 7 * 
1 5 . 4 2 * 
1 9 . 8 9 * 
1 0 . 9 
1 2 . 6 
1 5 . 0 
1 1 . 2 
1 3 . 5 
1 8 . 4 
600 21 .77 5 3 . 3 6 * 3 5 . 0 7 * 3 4 . 0 7 2 0 . 6 7 7 . 8 
200 9 . 5 8 9 . 4 4 9 . 0 1 * 1 0 . 9 5 1 0 . 6 1 0 . 7 
10% R i g h t 
10% L e f t 
300 
400 
1 1 . 6 9 
1 4 . 0 8 
1 1 . 7 3 
1 5 . 7 3 
1 0 . 7 5 * 
1 4 . 0 8 
1 4 . 5 7 
2 2 . 7 8 * 
1 2 . 8 
1 6 . 4 
1 3 . 3 
1 9 . 0 
500 2 1 . 2 1 * 3 3 . 5 3 23 .36 2 6 . 2 4 2 8 . 5 -
600 51 .69 8 6 . 6 2 6 6 . 2 8 6 6 . 3 8 — — 
* S i g n i f i c a n t a t a 5 p e r c e n t l e v e l of c o n f i d e n c e . 
No Turns 






I I I I I 
200 300 400 500 600 
Flow Ra t e ( v e h / h r ) 
F i g u r e 1 5 . Compar ison of Webs te r E q u a t i o n t o 
P r e d i c t i o n s from Models f o r No T u r n s 
5% Righ t -5% Lef t 





200 300 400 500 
Flow R a t e ( v e h / h r ) 
600 
F i g u r e 1 6 . Compar ison of Webs te r E q u a t i o n t o P r e d i c t i o n s 
from Models f o r 5% Lef t -5% R i g h t Turns 
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I ) 1 l I 
200 300 400 500 600 
Flow R a t e ( v e h / h r ) 
F i g u r e 1 7 . Compar ison of Webs te r E q u a t i o n t o P r e d i c t i o n s 
from Models f o r 10% Lef t -10% R i g h t Turns 
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Network Pe r fo rmance Compar ison 
A f t e r c o n f i d e n c e had been e s t a b l i s h e d i n t h e p e r f o r m a n c e of t h e 
i n d i v i d u a l m o d e l s , a s e r i e s of compute r r u n s were u n d e r t a k e n whereby t h e 
p e r f o r m a n c e of t h e models c o u l d be f u r t h e r a n a l y z e d and compared . V a r i ­
ous s e r v i c e volumes a s w e l l a s ne twork c o n f i g u r a t i o n s were c o n s i d e r e d i n 
o r d e r t o a s c e r t a i n t h e i r i n f l u e n c e on model b e h a v i o r . 
D e s c r i p t i o n o f T e s t Networks 
To t e s t t h e e f f e c t s of ne tw or k c o n f i g u r a t i o n on model p e r f o r m a n c e , 
i t was d e c i d e d t o r u n each model on t h r e e d i f f e r e n t s t r e e t p a t t e r n s — a 
s i n g l e i n t e r s e c t i o n , an a r t e r i a l p a t t e r n and a c l o s e d n e t w o r k . 
Network C o n s i d e r e d . To a p p r o x i m a t e an u r b a n s i t u a t i o n , e a c h 
i n t e r s e c t i o n was assumed t o be c o n t r o l l e d by a f i x e d t i m e t r a f f i c s i g n a l 
and a l l l i n k l e n g t h s were l e s s t h a n 800 f e e t . A l i n k - n o d e d i a g r a m of 
each ne twork c o n f i g u r a t i o n i s g i v e n i n F i g u r e 1 8 . The numbers i n p a r e n ­
t h e s e s a r e t h e l i n k l e n g t h s . A l l s t r e e t s a r e f o u r l a n e s wide w i t h no 
c u r b s i d e p a r k i n g p e r m i t t e d . 
To f a c i l i t a t e compar ing t h e p e r f o r m a n c e of t h e mode l s on d i f f e r ­
e n t c o n f i g u r a t i o n s , t h e t h r e e n e t w o r k s a r e n e s t e d ; t h e s i n g l e i n t e r s e c ­
t i o n i s c o n t a i n e d i n t h e a r t e r i a l p a t t e r n which i s p a r t of t h e c l o s e d 
n e t w o r k . S i n c e t h e i n p u t l i n k s t o t h e i n t e r s e c t i o n a t T h i r d S t r e e t and 
Main S t r e e t ( s e e F i g u r e 18) have t h e same c h a r a c t e r i s t i c s i n a l l c o n ­
f i g u r a t i o n s , t h e p e r f o r m a n c e m e a s u r e s f o r t h e s e l i n k s formed t h e b a s i s 
f o r model c o m p a r i s o n . In o r d e r t o compare d e l a y p r e d i c t i o n s from t h e 
t h r e e c o n f i g u r a t i o n , i t was e s s e n t i a l t h a t some common s t r e e t segment be 
i n c l u d e d i n each c o n f i g u r a t i o n . The i n t e r s e c t i o n of Main S t r e e t and 
F i r s t S t r e e t S e c o n d S t r e e t F o u r t h S t r e e t 
^ T ^ T h i r d S t r e e t ( ? ) [ 8 j F i f t h S t r e e t 0 
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F i g u r e 1 8 . L i n k - N o d e D i a g r a m s o f T e s t N e t w o r k s 
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T h i r d S t r e e t forms s u c h a b a s e . 
The b a n d w i d t h i s d e f i n e d a s t h e s i z e ( i n s e c o n d s ) o f t h e l a r g e s t 
p l a t o o n which can p a s s t h r o u g h a s e r i e s of s i g n a l s w i t h o u t s t o p p i n g . 
S e l e c t i o n of S i g n a l S e t t i n g s . In o r d e r t o i n s u r e t h a t t h e s i g n a l 
s e t t i n g s were n o t a major s o u r c e of d e l a y , a p r o g r e s s i v e t i m i n g p a t t e r n 
was d e t e r m i n e d f o r e ach of t h e a r t e r i a l f l o w s . Wi thou t p r o g r e s s i o n , t h e 
c a p a c i t y of an i n d i v i d u a l i n t e r s e c t i o n may be d e c r e a s e d b e c a u s e v e h i c l e s 
may be u n a v o i d a b l y d e t a i n e d due t o poor s e q u e n c i n g of t h e s i g n a l s . With 
p r o p e r p r o g r e s s i o n , t h e main p l a t o o n w i l l w i t n e s s d e l a y s o n l y when 
s t a r t i n g a t t h e f i r s t s i g n a l . I f t h e p r o g r e s s i o n s p e e d i s m a i n t a i n e d , 
t h e s e v e h i c l e s can t h e n p a s s t h r o u g h t h e o t h e r s i g n a l s w i t h o u t f u r t h e r 
d e l a y . 
To d e t e r m i n e t h e p r o g r e s s i v e t i m i n g p a t t e r n s , t h e a l g o r i t h m p r o ­
p o s e d by Morgan and L i t t l e ( 3 0 ) was programmed. T h i s a l g o r i t h m d e t e r ­
mines t h e maximal e q u a l b a n d w i d t h s f o r o p p o s i n g f lows on a two-way 
a r t e r i a l . The p rogram was r u n f o r each a r t e r i a l s t r e e t f o r s i g n a l c y c l e 
t i m e s r a n g i n g be tween 60 and 90 s e c o n d s . S i n c e t h e 9 0 - s e c o n d c y c l e p r o ­
duced t h e l a r g e s t b a n d s on each a r t e r y , i t was s e l e c t e d a s t h e n e t w o r k 
c y c l e l e n g t h . F i g u r e 19 i l l u s t r a t e s t h e r e s u l t i n g t i m e - s p a c e d i a g r a m 
f o r t h e t h r e e main s t r e e t s i n t h e c o n n e c t e d n e t w o r k . 
Volume C o n s i d e r a t i o n s . For t h e p u r p o s e s of t h e s i m u l a t i o n i n p u t , 
t r a f f i c volumes a r e s p e c i f i e d a t t h e e x t e r n a l nodes o n l y . I n t e r n a l 
volumes a r e o b t a i n e d a s a r e s u l t of t h e s i m u l a t i o n p r o c e s s . 
A p r o c e d u r e was e s t a b l i s h e d t o i n s u r e e q u i v a l e n t v o l u m e s , f o r a l l 
ne twork c o n f i g u r a t i o n s , on t h e f o u r l i n k s l e a d i n g t o t h e main 
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Time 
b . Main S t r e e t P r o g r e s s i o n 
Time 
c . West S i d e Dr ive P r o g r e s s i o n 
F i g u r e 1 9 . Time-Space Diagrams f o r 90-Second Cyc le 
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i n t e r s e c t i o n . Le t 
p l l x 1 t p 1 2 x 2 + . . . + p ^ = V x 
P o i x l + P o o x o + . . . + P 0 * = V , 
p , x . + p 0 x + . . . + p x = V 
* n l 1 n2 2 *nn n n 
where x . i s t h e volume p e r h o u r on t h e ith l i n k , i 
j is +1 i f t h e l i n k i s a s o u r c e l i n k , o r 
^ i i | i s - 1 i f t h e l i n k i s an i n t e r n a l l i n k o r a s i n k l i n k , 
p . . i s t h e p r o b a b i l i t y of g o i n g t o t h e ith l i n k from t h e jth 
1 : l i n k i * j , 
V . i s t h e e x t e r n a l s o u r c e volume f o r t h e ith l i n k , and 
n i s t h e number of l i n k s . 
For any g i v e n s e t of e x t e r n a l volumes {V^} "the i n t e r n a l vo lumes 
f o r e ach l i n k {x_^} can be c a l c u l a t e d by s o l v i n g t h e s i m u l t a n e o u s e q u a ­
t i o n s . 
To a r r i v e a t t h r e e d i f f e r e n t f low l e v e l s f o r t h e v a r i o u s ne tw or k 
c o n f i g u r a t i o n s , a number of e x t e r n a l s o u r c e volume c o m b i n a t i o n s were 
c o n s i d e r e d f o r t h e c l o s e d n e t w o r k . The s i m u l t a n e o u s e q u a t i o n s f o r e ach 
volume c o m b i n a t i o n were s o l v e d and t h r e e c o m b i n a t i o n s were s e l e c t e d 
which y i e l d e d l i g h t , medium and heavy s e r v i c e volumes f o r t h e p r i n c i p a l 
i n t e r s e c t i o n . Next t h e s o u r c e l i n k s f o r t h e a r t e r i a l p a t t e r n and t h e 
s i n g l e i n t e r s e c t i o n were c o n s i d e r e d . The t h e o r e t i c a l vo lumes { x . } d e -
t e r m i n e d i n t h e c l o s e d ne twork were u s e d a s s o u r c e volumes i n t h e 
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s m a l l e r n e t w o r k s . Thus , t h e f o u r l i n k s of i m p o r t a n c e t h e o r e t i c a l l y a r e 
b e i n g s u b j e c t e d t o t h e same volumes of t r a f f i c f o r e ach ne tw or k c o n f i g ­
u r a t i o n . Appendix F l i s t s t h e volumes p r o j e c t e d f o r t h e c l o s e d n e t w o r k . 
I t s h o u l d be n o t e d t h a t t h e heavy t r a f f i c h a s b e e n c h o s e n a t a l e v e l 
be low 500 v e h i c l e s p e r hour p e r l a n e i n o r d e r t o i n s u r e s t a b i l i t y i n 
t h e ne twork f l o w . 
T e s t R e s u l t s 
Two compute r r u n s were made f o r e ach c o m b i n a t i o n of s i m u l a t i o n 
m o d e l , ne twork c o n f i g u r a t i o n and f low r a t e . Each r u n c o n s i s t e d of 45 
m i n u t e s of s i m u l a t e d d a t a g a t h e r i n g t i m e . The warm-up t i m e s were 
d e p e n d e n t on ne twork c o n f i g u r a t i o n a s g i v e n i n T a b l e 8 . 
Tab le 8 . Model Warm-up Times 
Network C o n f i g u r a t i o n Warm-up Time (min ) 
I n t e r s e c t i o n 5 
A r t e r i a l 10 
Network 15 
Model P e r f o r m a n c e . Dur ing e a c h r u n , t h e a v e r a g e d e l a y p e r v e h i ­
c l e f o r t h e main i n t e r s e c t i o n was computed and r e c o r d e d . The r e s u l t s of 
t h e t e s t r u n s a r e g i v e n i n T a b l e 9 . A t h r e e - f a c t o r a n a l y s i s of v a r i a n c e 
of t h e s e d a t a i s p r e s e n t l y i n T a b l e 1 0 . A l l e f f e c t s a r e c o n s i d e r e d a s 
f i x e d e f f e c t s and t h e a s s u m p t i o n of an a n a l y s i s o f v a r i a n c e t e s t a p p e a r 
t o a p p l y t o t h i s e x p e r i m e n t . 
Tab le 9 . Average Delay p e r V e h i c l e a t Main 
I n t e r s e c t i o n of T e s t Networks 
C o n f i g u r a t i o n Flow 
MODEL 
CONT UB ZONE NEXT 
Intersection 
L i g h t 1 6 . 7 3 1 6 . 5 3 
1 6 . 0 8 
1 5 . 1 3 
1 5 . 0 1 
1 4 . 9 0 
1 6 . 6 0 
1 5 . 6 3 
Medium 2 1 . 8 1 20 .96 
1 9 . 4 3 
1 8 . 9 4 
1 7 . 6 5 
1 9 . 1 9 
1 8 . 6 2 
1 8 . 5 4 
Heavy 3 1 . 3 9 4 6 . 1 0 
2 8 . 0 5 
4 6 . 4 6 
3 2 . 2 5 
3 7 . 8 0 
2 5 . 8 7 
2 3 . 5 4 
Arterial 
L i g h t 1 5 . 3 0 1 4 . 8 7 
1 1 . 7 4 
1 2 . 0 1 
1 0 . 9 8 
1 1 . 2 1 
1 1 . 3 9 
1 0 . 8 6 
Medium 1 8 . 6 2 1 9 . 0 5 
1 4 . 8 2 
1 3 . 9 8 
1 3 . 8 0 
1 3 . 1 2 
1 3 . 0 6 
1 3 . 1 8 
Heavy 3 1 . 6 5 2 9 . 7 4 
3 7 . 7 6 
3 1 . 8 1 
2 3 . 1 8 
2 7 . 3 8 
1 7 . 2 6 
2 1 . 1 9 
Network 
L i g h t 1 2 . 2 7 1 2 . 1 3 
7 . 3 3 




6 . 2 8 






7 . 8 3 
Heavy 3 5 . 0 1 2 5 . 0 3 
2 7 . 3 0 
2 3 . 5 0 
1 7 . 2 2 
2 4 . 3 0 
1 5 . 3 6 
1 4 . 0 9 
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T a b l e 1 0 . A n a l y s i s of V a r i a n c e of t h e Model Compar ison Data 
Source of V a r i a t i o n 
Sum of 
S q u a r e s d f 
Mean 
S q u a r e 
Models ( M i ) 557 .49 3 1 8 5 . 8 3 * * 
Networks 
Flows ( F k ) 
1030 .27 2 5 1 5 . 1 3 * * 
3481 .75 2 1 7 4 0 . 8 7 * * 
M x N 54 .70 6 9 . 1 2 
N x F 3 3 1 . 5 2 6 5 5 . 2 5 * * 
N x F 28 .79 4 7 .20 
M x N x F 3 7 . 6 8 12 3 . 1 4 
E r r o r 4 2 3 . 9 8 36 1 1 . 7 8 
TOTAL 5946 .19 71 
^ " S i g n i f i c a n t a t 1%. 
I t c an be s e e n t h a t a l l main e f f e c t s a r e h i g h l y s i g n i f i c a n t . 
With r e s p e c t t o t h e f i r s t f a c t o r , t h i s i m p l i e s t h a t t h e t y p e o f model 
u s e d d o e s i n f l u e n c e t h e d e l a y p r e d i c t i o n . The d a t a , p r e s e n t e d i n T a b l e 
9 , i n d i c a t e t h a t t h e ZONE and NEXT mode ls p r e d i c t e d d e l a y s be low t h a t of 
t h e CONT and UB mode l s f o r a l l c o m b i n a t i o n s of f l ow and c o n f i g u r a t i o n 
e x c e p t t h e l i g h t f low on t h e s i n g l e i n t e r s e c t i o n . The v a l i d a t i o n t e s t 
somewhat i n d i c a t e d t h i s p o s s i b i l i t y f o r t h e ZONE mode l ; h o w e v e r , t h e 
NEXT model p r e d i c t e d h i g h e r d e l a y s t h a n e x p e c t e d i n s i n g l e - l a n e t e s t s . 
The a s s u m p t i o n s r e g a r d i n g v e h i c l e i n t e r a c t i o n s and a c c e l e r a t i o n s 
a r e t h o u g h t t o be a p r i m a r y r e a s o n f o r t h e s e low e s t i m a t e s o f d e l a y . 
I n t h e ZONE model v e h i c l e s a r e e i t h e r moving a t " f r e e s p e e d " o r s t a n d i n g 
s t i l l . Such an a s s u m p t i o n r e q u i r e s i n s t a n t a n e o u s a c c e l e r a t i o n t o f r e e 
s p e e d . F u r t h e r m o r e , t h e r e i s no i n t e r a c t i o n be tween v e h i c l e s a d v a n c i n g 
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i n t h e same d i r e c t i o n . The NEXT model d o e s n o t t a k e i n t o a c c o u n t any 
v e h i c l e i n t e r a c t i o n on t h e l i n k d u r i n g t h e v e h i c l e ' s j o u r n e y t o t h e 
queue s t a t e . F u r t h e r m o r e , a c c e l e r a t i o n d e l a y c o n s i d e r a t i o n s , due t o a 
low i n i t i a l s p e e d , a r e min ima l when t h e v e h i c l e i s s c h e d u l e d t o t r a v e l 
down t h e l i n k . T h i s l a t t e r p rob l em would n o t a f f e c t d e l a y c a l c u l a t i o n s 
i n m o d e l i n g a s i n g l e i n t e r s e c t i o n , s i n c e o n l y incoming l i n k s t o t h e 
i n t e r s e c t i o n a r e s i g n i f i c a n t and i n i t i a l s p e e d s o f new v e h i c l e s a r e s e t 
e q u a l t o t h e i r d e s i r e d s p e e d s . 
P r e d i c t i o n s of d e l a y from t h e UB model u s u a l l y f a l l be tween t h o s e 
from t h e CONT model and t h e ZONE and NEXT m o d e l s . The CONT model p r e ­
d i c t e d h i g h e r d e l a y s t h a n t h e o t h e r models i n a l l b u t one c o m b i n a t i o n of 
c o n f i g u r a t i o n and f l o w . 
The e f f e c t of ne twork c o n f i g u r a t i o n on v e h i c l e d e l a y was s i g n i f i ­
c a n t . T h i s r e s u l t i s r e a s o n a b l e when t h e a d v a n t a g e s of t h e p r o g r e s s i v e 
s i g n a l s y s t e m a r e c o n s i d e r e d . V e h i c l e s , which e n t e r t h e " g r e e n b a n d " a t 
an e x t e r i o r i n t e r s e c t i o n , c o u l d p a s s t h r o u g h t h e s y s t e m w i t h o u t d e l a y . 
O t h e r v e h i c l e s , wh ich s h o u l d have s t o p p e d a t t h e main l i g h t , were d e l a y e d 
a t a p r e v i o u s i n t e r s e c t i o n and f o r c e d t o w a i t f o r t h e b a n d . As c o n f i g u ­
r a t i o n was changed from an a r t e r i a l roadway t o t h e c l o s e d n e t w o r k , t h e 
s i d e s t r e e t p r o g r e s s i o n f u r t h e r r e d u c e d d e l a y . 
As e x p e c t e d , f low r a t e s had a h i g h l y s i g n i f i c a n t e f f e c t on d e l a y . 
As f low i n c r e a s e d , l e f t - t u r n i n g v e h i c l e s found s m a l l e r gaps and were 
f o r c e d t o w a i t , queues were l o n g e r and some v e h i c l e s were f o r c e d t o w a i t 
t h r o u g h more t h a n a p a r t i a l c y c l e of t h e l i g h t . S i n c e a v e r a g e l i n k s p e e d 
i s r e d u c e d , v e h i c l e s can no l o n g e r s t a y i n t h e g r e e n band and h e n c e some 
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of t h e a d v a n t a g e s of t h e p r o g r e s s i v e s i g n a l s y s t e m a r e l o s t . 
A h i g h l y s i g n i f i c a n t i n t e r a c t i o n was found be tween models and 
f l o w s . T h i s r e s u l t a g a i n a g r e e s w i t h t h e g r a p h i c a l r e s u l t s o b t a i n e d i n 
t h e v a l i d a t i o n t e s t i n g . C e r t a i n mode l s were more s e n s i t i v e t o c h a n g e s 
i n f low r a t e 1;han o t h e r m o d e l s . No o t h e r i n t e r a c t i o n s were s t a t i s t i c a l ­
l y s i g n i f i c a n t . 
I n a d d i t i o n t o t h e above a n a l y s i s , e ach model was s u b j e c t e d t o a 
s i n g l e l o n g s i m u l a t i o n r u n i n o r d e r t o o b t a i n a t i m e s e r i e s of t h e a v e r ­
age d e l a y o c c u r r i n g on s p e c i f i c l i n k s of t h e n e t w o r k . The i n t e r s e c t i o n 
c o n f i g u r a t i o n u n d e r medium f low was s e l e c t e d f o r t h i s t e s t . A f i v e - h o u r 
sample r u n was made. The N o r t h and South a p p r o a c h e s t o t h e main i n t e r ­
s e c t i o n were chosen a s t h e l i n k s of i n t e r e s t . Every 90 s e c o n d s , t h e 
d e l a y p e r v e h i c l e e x i t i n g t h e l i n k was computed and r e c o r d e d . The a v e r ­
age d e l a y e n c o u n t e r e d i n each t i m e i n t e r v a l was computed and t h e r e s u l t s 
were punched on compute r c a r d s f o r f u r t h e r a n a l y s i s . 
The s e q u e n c e of o b s e r v a t i o n s {d_.} f o r a l i n k c o n s t i t u t e s a t i m e 
s e r i e s of 200 o b s e r v a t i o n s . The f i r s t t e n o b s e r v a t i o n s were d i s c a r d e d 
t o a l l o w f o r s y s t e m l o a d i n g . An a n a l y s i s of t h e a u t o c o r r e l a t i o n of t h e 
s e r i e s was t h e n c o n d u c t e d t o examine t h e dependence of d e l a y a t t i m e t 
w i t h some p r e v i o u s d e l a y . I f a h i g h e r t h a n a v e r a g e o b s e r v e d d e l a y t e n d s 
t o be f o l l o w e d by a n o t h e r h i g h e r t h a n a v e r a g e d e l a y o b s e r v e d k t i m e 
p e r i o d s l a t e r , t h e a u t o c o r r e l a t i o n be tween d^ and d ^ + ^ i s p o s i t i v e . 
S i m i l a r l y , i f a lower t h a n a v e r a g e d e l a y i s f o l l o w e d by a n o t h e r l o w e r 
t h a n a v e r a g e d e l a y a t a l a g o f k t i m e p e r i o d s , t h e a u t o c o r r e l a t i o n b e ­
tween d_,_ and d^ . i s n e g a t i v e . An e s t i m a t e of t h e a u t o c o r r e l a t i o n f o r 
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a l a g of k t i m e u n i t s can be o b t a i n e d from t h e sample a u t o c o r r e l a t i o n 
f u n c t i o n 
N-k 
p k = r~F : k = o , i , . . . , K 
t = l 
where N i s t h e t o t a l number of o b s e r v a t i o n s , 
k i s t h e l a g s i z e . 
d^ i s t h e 9 0 - s e c o n d a v e r a g e d e l a y o b s e r v e d a t p e r i o d t . 
N 
K i s some a r b i t r a r y u p p e r l i m i t on l a g , u s u a l l y < — . 
d i s t h e a v e r a g e of t h e d^_' s . 
The p a r t i a l a u t o c o r r e l a t i o n o r c o n d i t i o n a l c o r r e l a t i o n f u n c t i o n 
i s a l s o e s t i m a t e d u s i n g t h e r e c u r s i v e method o u t l i n e d i n Box and J e n k i n s 
( 6 ) . T h i s f u n c t i o n i s a l s o h e l p f u l i n i d e n t i f y i n g t h e t y p e of d e p e n d e n ­
c i e s which e x i s t . 
T y p i c a l p l o t s of a sample a u t o c o r r e l a t i o n f u n c t i o n and t h e a s s o ­
c i a t e d p a r t i a l a u t o c o r r e l a t i o n f u n c t i o n a r e p r e s e n t e d i n F i g u r e s 20 and 
21 f o r t h e N o r t h a p p r o a c h l i n k and Sou th a p p r o a c h l i n k , r e s p e c t i v e l y . 
The sample a u t o c o r r e l a t i o n f u n c t i o n s f o r a l l f o u r models a r e g i v e n i n 
Appendix G. 
The f i r s t o b s e r v a t i o n t h a t s h o u l d be made i s t h a t t h e d i f f e r e n t 
mode l s p r o d u c e d v e r y s i m i l a r p l o t s f o r t h e two l i n k s . T h i s i n d i c a t e s 
t h a t t h e form of t h e s t a t i s t i c a l model u s e d t o e s t i m a t e d e l a y i n one 
model c o u l d be f i t t e d t o t h e o b s e r v e d d e l a y found i n a d i f f e r e n t model 
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by u s i n g d i f f e r e n t e s t i m a t e s f o r t h e p a r a m e t e r s of t h e s t a t i s t i c a l 
m o d e l . That i s t o s a y , a l l models seem t o e x h i b i t t h e same i n t e r r e l a ­
t i o n s h i p s i n p e r i o d - b y - p e r i o d o r c y c l e - b y - c y c l e d e l a y . 
The s econd o b s e r v a t i o n i s t h a t t h e two l i n k s e x h i b i t d i f f e r e n t 
a u t o c o r r e l a t i o n f u n c t i o n s . The Nor th a p p r o a c h p l o t s u g g e s t s t h a t t h e 
d e l a y t i m e d u r i n g p e r i o d t h a s a p o s i t i v e c o r r e l a t i o n w i t h p e r i o d t - 1 
and a l l o t h e r r e l a t i o n s h i p s a r e z e r o . The South a p p r o a c h p l o t s s u g g e s t 
i n d e p e n d e n c e be tween each p e r i o d . A l though t h e l i n k f low volumes f o r 
t h e s e two l i n k s a r e a b o u t t h e same, a n o t i c e a b l e d i f f e r e n c e e x i s t s i n 
t h e t u r n i n g p e r c e n t a g e s . F i v e p e r cent: of t h e v e h i c l e s on t h e Nor th 
a p p r o a c h w i l l t u r n l e f t , w h i l e no l e f t t u r n s a r e p e r m i t t e d on t h e Sou th 
a p p r o a c h . The e x i s t e n c e of l e f t - t u r n d e l a y s a p p e a r s t o be s u f f i c i e n t t o 
c a u s e t h e a p p e a r a n c e of a f i r s t o r d e r a u t o c o r r e l a t i o n . 
Computer R e q u i r e m e n t s . The p rogram e x e c u t i o n t i m e was r e c o r d e d 
f o r each of t h e t e s t r u n s and i s g i v e n i n T a b l e 1 1 . The ZONE model was 
t h e f a s t e s t i n a l l c a s e s . The NEXT model was v e r y f a s t f o r s i m p l e 
i n t e r s e c t i o n work b u t q u i c k l y l o s t any c o m p u t a t i o n a l a d v a n t a g e i t p o s ­
s e s s e d a s t h e ne twork c o m p l e x i t y i n c r e a s e d . The UB model was t h e s l o w ­
e s t of t h e models t e s t e d . A l though the. v e h i c l e movement c o n c e p t s i n t h e 
UB model a r e n o t a s complex a s t h e c a r - f o l l o w i n g r e s t r i c t i o n s of t h e CONT 
m o d e l , t h e r e p e a t e d c h e c k i n g of each b l o c k and t h e complex r o u t i n e s f o r 
i n t e r s e c t i o n movement r e q u i r e g r e a t e r compu te r t i m e t o p r o c e s s . The a l ­
g e b r a i c f o r m u l a s needed f o r c a r - f o l l o w i n g r e s t r i c t i o n s a r e w e l l s u i t e d 
f o r compu te r p rogramming . 
The compute r memory r e q u i r e m e n t s of t h e d i f f e r e n t mode l s i s im­
p o r t a n t i f l a r g e n e t w o r k s a r e b e i n g c o n s i d e r e d . The a c t u a l r e q u i r e m e n t s 
T a b l e 1 1 . Program E x e c u t i o n Time f o r T e s t Runs ( i n Seconds ) 
C o n f i g u r a t i o n Flow 
MODEL 
CONT UB ZONE NEXT 
Intersection 
L i g h t 1 7 . 0 1 8 . 0 
3 8 . 4 
3 8 . 1 
3 .4 
3 . 3 
6 .0 
6 .0 
Medium 2 6 . 0 2 6 . 0 
4 7 . 0 
4 8 . 1 
4 . 3 
4 . 2 
9 .0 
9 . 0 
Heavy- 49 .0 53 .0 
6 6 . 2 
7 8 . 4 
4 . 3 
5 .0 
2 5 . 0 
1 6 . 2 
Arterial 
L i g h t 7 7 . 2 8 1 . 2 
1 3 9 . 2 
1 3 6 . 0 
1 4 . 0 
1 5 . 0 
3 2 . 4 
3 3 . 1 
Medium 1 2 0 . 4 1 1 4 . 0 
1 8 2 . 5 
1 7 0 . 5 
2 0 . 0 
1 3 . 4 
7 6 . 4 
7 6 . 2 
Heavy 202 .0 1 7 9 . 1 
289 .0 
267 .0 
1 7 . 0 
1 8 . 0 
1 6 8 . 1 
1 6 3 . 4 
Network 
L i g h t 2 2 1 . 1 207 .0 
340 .0 
3 5 5 . 2 
3 6 . 0 
3 5 . 5 
1 9 9 . 3 
1 6 6 . 0 
Medium 334 . 3 3 1 6 . 0 
4 6 2 . 0 
4 8 2 . 0 
4 2 . 4 
3 6 . 0 
3 3 3 . 0 
3 1 8 . 0 
Heavy 577 .0 4 8 3 . 0 
7 2 9 . 0 
923 .0 
4 6 . 4 
4 6 . 1 
8 6 1 . 3 
6 5 6 . 0 
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can be e s t i m a t e d by u s i n g t h e i n f o r m a t i o n g i v e n i n T a b l e 1 2 . 
T a b l e 1 2 . Computer Memory R e q u i r e m e n t s 
Base Pe r P e r P e r P e r 
Model Requ i r emen t Node S i g n a l V e h i c l e Link 
CONT 33 ,000 15 15 12 33 
UB* 26 ,000 17 15 9 26 
ZONE** 1 7 , 0 0 0 12 15 - 15 
NEXT 20 ,500 15 15 8 37 
A d d i t i o n a l R e q u i r e m e n t s 
The UB model r e q u i r e s one word of compu te r memory 
f o r e a c h u n i t b l o c k . 
**The ZONE model r e q u i r e s one word of compute r memory 
f o r e ach z o n e . 
I n o r d e r t o r e d u c e t h e amount of computer memory n e c e s s a r y , an 
a t t e m p t was made t o code i n f o r m a t i o n a s i l l u s t r a t e d i n F i g u r e 2 2 . 
1 2 
CO 4 5 6 7 CO
 
9 10 11 12 13 14 15 
• • • 
36 
v— — v ' >- V ' v - y W 
d e s i r e d a c t u a l l i n k i n d e x l a n e move 
s p e e d speed i n d e x f l a g 
F i g u r e 2 2 . B a s i c Concept of Coded Da ta Words 
The UB model was s e l e c t e d . V e h i c l e d a t a were compres sed t o t h r e e com­
p u t e r words and u n i t b l o c k s were packed t h r e e t o a word . However , r e ­
s u l t i n g t e s t r u n s i n c r e a s e d r u n n i n g t i m e by a f a c t o r of s i x and t h e 
coded model was a b a n d o n e d . 
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Secondary C o n s i d e r a t i o n s 
In a d d i t i o n t o t h e a n a l y s i s of t h e e f f e c t s of m o d e l i n g s t r a t e g i e s , 
a l i m i t e d number of s e c o n d a r y p r o b l e m s were i n v e s t i g a t e d . 
Scan Time E f f e c t s 
Zone models r e p o r t e d i n t h e l i t e r a t u r e ( 1 6 , 3 3 , 3 9 ) have used s c a n 
t i m e s of 2 , 4 and 5 s e c o n d s . To t e s t t h e e f f e c t of s c a n t i m e on v e h i c l e 
d e l a y , a s e r i e s of t e s t r u n s of t h e ZONE model was c o n d u c t e d w i t h s c a n 
t i m e s of 2 , 3 , 4 and 5 s e c o n d s . S i n c e t h e b a s i c m o d e l i n g c o n c e p t was 
i n t r o d u c e d f o r t h e p u r p o s e of mode l ing a s y s t e m l a r g e r t h a n a s i n g l e 
i n t e r s e c t i o n , t h e a r t e r i a l c o n f i g u r a t i o n was s e l e c t e d a s t h e t e s t n e t ­
work. F i v e r e p l i c a t i o n s of l i g h t , medium and heavy f low r a t e s were r u n 
f o r each s c a n t i m e . The a v e r a g e s y s t e m d e l a y p e r v e h i c l e p e r l i n k e n ­
c o u n t e r e d was computed f o r e ach r u n , and t h e r e s u l t s a r e p r e s e n t e d i n 
T a b l e 1 3 . A two-way a n a l y s i s of v a r i a n c e was p e r f o r m e d on t h e s e d a t a , 
and t h e r e s u l t s a r e g i v e n i n T a b l e 1 4 . Both main e f f e c t s and t h e i r i n t e r ­
a c t i o n a r e h i g h l y s i g n i f i c a n t . A g r a p h i c i l l u s t r a t i o n of t h e s e e f f e c t s 
i s g i v e n i n F i g u r e 2 3 . To f u r t h e r a n a l y z e t h e i n t e r a c t i o n of t h e s e two 
f a c t o r s t h e Duncan M u l t i p l e Range t e s t was p e r f o r m e d on t h e d a t a by i n d i ­
v i d u a l l y t e s t i n g each f low c o n d i t i o n . At t h e low l e v e l no s i g n i f i c a n t 
d i f f e r e n c e s were e x h i b i t e d be tween s c a n t i m e r e s u l t s . At t h e medium f low 
r a t e , two p a i r s of p r e d i c t i o n s were s i g n i f i c a n t a t a 5% l e v e l of c o n f i ­
d e n c e : t h e 3 s e c o n d - 2 second d i f f e r e n c e and t h e 3 s e c o n d - 4 s econd d i f ­
f e r e n c e . At t h e heavy f low r a t e , a l l p a i r s of d i f f e r e n c e s were s i g n i f i ­
c a n t e x c e p t t h e 2 second-4- s econd c o m b i n a t i o n . 
Tab le 1 3 . E f f e c t s of Scan Time on ZONE 
Model Response P r e d i c t i o n s 
Time S t e p ( S e c o n d s ) 
Flow 2 3 4 5 
1 2 . 7 4 1 4 . 9 1 1 2 . 9 5 1 4 . 5 0 
1 3 . 0 5 1 5 . 9 1 1 3 . 9 2 1 5 . 2 4 
Low 1 3 . 2 5 1 5 . 8 5 1 3 . 2 2 1 4 . 8 8 
1 3 . 3 8 1 5 . 6 5 1 3 . 5 6 1 5 . 0 7 
1 3 . 7 4 1 6 . 6 5 1 3 . 1 0 1 4 . 8 6 
1 6 . 1 5 2 4 . 8 4 1 6 . 2 4 1 8 . 9 6 
1 6 . 4 6 2 9 . 2 5 1 6 . 5 5 2 1 . 9 8 
Medium 1 6 . 2 2 2 5 . 9 9 1 6 . 3 8 23 .39 
1 6 . 7 1 2 4 . 3 3 1 6 . 0 1 2 0 . 1 1 
1 6 . 6 7 3 1 . 4 5 1 6 . 9 4 2 1 . 4 0 
2 6 . 3 4 7 6 . 6 3 2 3 . 6 0 4 4 . 4 3 
2 8 . 7 4 7 1 . 6 0 28 .67 5 0 . 8 8 
Heavy- 25 .15 81 .37 2 4 . 2 8 6 9 . 9 3 
2 3 . 6 0 7 4 . 9 3 21 .59 56 .69 
3 1 . 9 2 9 1 . 6 3 2 9 . 4 8 7 8 . 4 5 
T a b l e 14 . A n a l y s i s of V a r i a n c e of t h e E f f e c t s 
of Scan Time on t h e ZONE Model 
Sou rce o f 
V a r i a n c e 
Sum of 
S q u a r e s df 
Mean 
S q u a r e 
Scan Times ( T . J 5268 .66 3 1 7 5 6 . 2 2 * * 
Flows ( F ^ 
T x F 
12911 .04 2 6 4 5 5 . 5 2 * * 
5449 .60 6 9 0 8 . 2 7 * * 
E r r o r 1159 .07 48 2 4 . 1 5 
TOTAL 24788 .37 59 
* * S i g n i f i c a n t a t 1%. 
F i g u r e 2 3 . Scan Time-Flow I n t e r a c t i o n f o r ZONE Model 
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The queue d i s c h a r g e mechanism i s t h o u g h t t o be t h e u n d e r l y i n g 
c a u s e of t h i s b e h a v i o r . The number of v e h i c l e s which can d e p a r t a queue 
i s t h e s c a n t i m e d i v i d e d by two s e c o n d s p e r v e h i c l e . S i n c e o n l y an 
i n t e g e r number of v e h i c l e s may d e p a r t t h e q u e u e , t h e t w o - and t h r e e -
second s c a n t i m e s p e r m i t one d e p a r t u r e each s c a n w h i l e t h e f o u r - and 
f i v e - s e c o n d s c a n t i m e s p e r m i t two d i s c h a r g e s . The t i m e b e t w e e n d e p a r ­
t u r e s i s t h e n e q u a l t o t h e d e s i r e d two s e c o n d s f o r t h e t w o - and f o u r -
s econd s c a n t i m e s . The t h r e e - s e c o n d s c a n i s f o r c e d t o a t h r e e - s e c o n d 
t i m e b e t w e e n d e p a r t u r e s , w h i l e t h e a v e r a g e t i m e be tween d e p a r t u r e s f o r 
t h e f i v e - s e c o n d s c a n i s 2 - 1 / 2 s e c o n d s . The l o n g e r d e p a r t u r e t i m e y i e l d s 
more queue c o n g e s t i o n . 
The NEXT model was a l s o t e s t e d f o r s t e p s i z e e f f e c t s . The s c a l e 
f a c t o r which had b e e n u s e d t o f o r c e i n t e g e r c l o c k u n i t s was r e l a x e d and 
t h e model was p e r m i t t e d t o assume v a l u e s i n t e n t h s of s e c o n d s . F i v e 
r e p l i c a t i o n s of t h r e e a r t e r i a l f low r a t e s were s u b m i t t e d f o r e ach s t e p 
s i z e . The d a t a i s g i v e n i n T a b l e 1 5 . T a b l e 16 i s t h e a n a l y s i s of 
v a r i a n c e of t h e d a t a . 
Both main e f f e c t s a r e h i g h l y s i g n i f i c a n t . The i n t e r a c t i o n b e t w e e n 
c l o c k u n i t s and f l ows i s a l s o s i g n i f i c a n t . F i g u r e 24 i l l u s t r a t e s t h i s 
i n t e r a c t i o n . 
The queue d i s c h a r g e p r o c e s s i s a g a i n c o n s i d e r e d t o be a c o n t r i b ­
u t i n g f a c t o r t o t h i s i n t e r a c t i o n . The s m a l l e r c l o c k u n i t s a l l o w a 
c l o s e r a p p r o x i m a t i o n o f t h e d i s c h a r g e t i m e s p r e s e n t e d i n t h e m o d e l . 
I n t e g e r c l o c k u n i t s c a u s e t h e model t o d i s c a r d t h e f r a c t i o n a l p a r t of 
t h e t i m e b e t w e e n d i s c h a r g e s , t h u s c a u s i n g a more r a p i d d i s c h a r g e 
T a b l e 1 5 . E f f e c t s of Clock U n i t s on NEXT 
Model Response P r e d i c t i o n s 
Clock Un i t 
( S e c o n d s ) 
Flow 1 1/10 
11.09 1 1 . 6 0 
1 2 . 0 8 1 2 . 7 3 
Low 1 1 . 3 9 1 2 . 1 6 
1 1 . 3 4 1 1 . 7 8 
12 .97 1 3 . 4 4 
1 3 . 3 6 1 3 . 7 2 
1 5 . 0 2 1 5 . 2 3 
Medium 1 3 . 0 6 1 3 . 6 5 
1 2 . 9 7 1 3 . 7 8 
1 3 . 66 1 4 . 1 8 
1 9 . 5 3 29 .89 
19 .57 3 2 . 0 8 
Heavy 1 7 . 2 6 2 0 . 9 8 
1 5 . 7 6 1 9 . 2 6 
2 2 . 0 8 2 5 . 8 4 
T a b l e 1 6 . A n a l y s i s o f V a r i a n c e of Clock U n i t E f f e c t s 
on NEXT Model Response P r e d i c t i o n s 
Sou rce o f 
V a r i a n c e 
Sum of 
S q u a r e s df 
Mean 
Square 
Clock U n i t s ( C J 51 .17 1 5 1 . 1 7 * * 
Flows ( F . ) 588 .50 2 2 9 4 . 2 5 * * 
C x F 6 4 . 8 4 2 3 2 . 4 2 * 
E r r o r 154 .56 24 6 . 4 4 
TOTAL 859 .07 29 
^ S i g n i f i c a n t a t 
* * S i g n i f i c a n t a t 
5%. 
1%. 
F i g u r e 24 . I n t e r a c t i o n Between Clock Un i t and Flow f o r NEXT Model 
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p r o c e s s . As f low i n c r e a s e s and t h e a v e r a g e queue l e n g t h s i n c r e a s e , a 
r e d u c t i o n i n d e l a y t i m e i s s e e n . 
Network P r e l o a d i n g 
S u b r o u t i n e s were w r i t t e n f o r t h e CONT and UB mode ls which would 
c a l c u l a t e t h e e x p e c t e d i n t e r n a l f low r a t e s f o r each l i n k of t h e n e t w o r k . 
V e h i c l e s were t h e n c r e a t e d and p l a c e d on t h e l i n k s b e f o r e t h e s i m u l a t i o n 
s t a r t e d . The models were t h e n a l l o w e d a f i v e - m i n u t e t r a n s i t i o n t i m e t o 
remove any e f f e c t s of t h i s s t a r t i n g c o n d i t i o n . The r u n n i n g t i m e of t h e 
CONT model was 83 s e c o n d s f a s t e r t h a n t h e a v e r a g e t i m e i n d i c a t e d f o r t h e 
heavy ne twork c o n f i g u r a t i o n . The p r e l o a d e d UB model b e t t e r e d t h e p r e v i ­
ous r e s u l t s by 123 s e c o n d s . A l though t h e s e r e s u l t s a r e w i t h i n t h e r a n g e 
of random e r r o r , i t was n o t e d t h a t p r e l o a d c a l c u l a t i o n s consumed o n l y 
3 .5 s e c o n d s of compu te r t i m e . Thus i t i s a d v i s a b l e t o c o n s i d e r p r e l o a d ­
i n g , i f l a r g e n e t w o r k s a r e s i m u l a t e d w i t h t h e more complex m o d e l s . 
I n t e r a r r i v a l Time D i s t r i b u t i o n s 
S i n c e much of t h e l i t e r a t u r e on t r a f f i c s i m u l a t i o n i s c o n c e r n e d 
w i t h i n t e r a r r i v a l d i s t r i b u t i o n s , i t was d e c i d e d t o t e s t t h e e f f e c t s of 
t h e assumed d i s t r i b u t i o n . The NEXT model was r e v i s e d t o p e r m i t t h e 
s i m u l a t i o n of i n t e r a r r i v a l t i m e s which f o l l o w e d an E r l a n g d i s t r i b u t i o n 
w i t h t h e i d e n t i c a l mean and w i t h k e q u a l t o t w o . F i v e r e p l i c a t i n s of 
two c o n f i g u r a t i o n s and t h r e e f low volumes were i n c l u d e d i n t h e t e s t . 
The a v e r a g e d e l a y p e r v e h i c l e a t t h e main i n t e r s e c t i o n i s 
r e p o r t e d i n T a b l e 1 7 . The a n a l y s i s of v a r i a n c e of t h e s e d a t a i s g i v e n 
i n Tab le 1 8 . 
T a b l e 1 7 . E f f e c t s of I n t e r a r r i v a l Time D i s t r i b u t i o n 
on t h e NEXT Model Response D i s t r i b u t i o n 
I n t e r a r r i v a l Time 
D i s t r i b u t i o n 
C o n f i g u r a t i o n Flow E r l a n g E x p o n e n t i a l 
1 6 . 0 3 17 .07 
1 5 . 7 0 1 6 . 9 5 
Low 1 6 . 0 2 1 6 . 4 1 
1 5 . 9 9 1 6 . 8 0 
1 6 . 9 3 1 7 . 2 2 
1 8 . 5 5 1 7 . 8 5 
1 8 . 2 6 1 8 . 8 5 
Intersection Medium 1 7 . 6 5 1 8 . 6 8 
1 8 . 0 3 1 8 . 2 4 
2 0 . 5 4 1 9 . 6 6 
23 .68 28 .60 
2 5 . 0 2 24 . 59 
High 2 4 . 8 5 2 7 . 0 3 
28 .70 2 4 . 6 4 
2 6 . 7 2 24 .89 
1 1 . 0 6 1 1 . 0 9 
1 2 . 3 4 1 2 . 0 8 
Low 1 1 . 29 1 1 . 3 9 
1 1 . 5 8 1 1 . 3 4 
1 2 . 1 8 1 2 . 9 7 
1 3 . 0 8 1 3 . 3 6 
1 2 . 7 6 1 5 . 0 2 
Artery Medium 1 3 . 3 8 1 3 . 0 6 
1 2 . 4 4 1 2 . 9 7 
1 3 . 2 0 1 3 . 6 6 
1 7 . 3 9 1 9 . 5 3 
1 7 . 0 5 1 9 . 5 7 
High 1 6 . 6 6 1 7 . 2 6 
1 9 . 7 2 1 5 . 7 6 
23 .37 2 2 . 0 8 
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T a b l e 1 8 . A n a l y s i s of V a r i a n c e of E f f e c t s of 
I n t e r a r r i v a l Time D i s t r i b u t i o n on 
NEXT Model 
Source of 
V a r i a n c e 
Sum of 
S q u a r e s df 
Mean 
Square 
D i s t r i b u t i o n s ( D . ) 
1 
1.17 1 1.17 
Networks ( N . ) 
Flows (F ) 
490 .09 1 4 9 0 . 0 9 * * 
7 4 6 . 4 7 2 3 7 3 . 2 4 * * 
D x N .02 1 .02 
D x F . 33 2 .16 
N x F 1 3 . 6 9 2 6 . 8 4 * 
D x N x F 1 .01 2 . 5 1 
E r r o r 9 8 . 2 2 48 2 . 0 5 
TOTAL 1 3 5 1 . 0 1 59 
" ^ S i g n i f i c a n t a t 5%. 
* * S i g n i f i c a n t a t 1%. 
The a n a l y s i s of v a r i a n c e i n d i c a t e s t h a t t h e r e i s no s i g n i f i c a n t 
e f f e c t i n model p e r f o r m a n c e c a u s e d by c h a n g i n g t h e a r r i v a l t i m e d i s t r i ­
b u t i o n . Flow and c o n f i g u r a t i o n a r e h i g h l y s i g n i f i c a n t . I t i s a l s o 
n o t e d t h a t t h e i n t e r a c t i o n be tween f low and c o n f i g u r a t i o n i s s i g n i f i c a n t . 
T h i s i n t e r a c t i o n was n o t s i g n i f i c a n t i n t h e a n a l y s i s of v a r i a n c e f o r a l l 
f o u r m o d e l s . The u s e of f i v e r e p l i c a t i o n s p e r c e l l may have unmasked an 
unknown i n t e r a c t i o n . 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Summary-
Four compute r p rograms r e p r e s e n t i n g d i f f e r e n t s t r a t e g i e s f o r 
s i m u l a t i n g u r b a n v e h i c u l a r f low were programmed and t e s t e d . A s i m p l e 
t w o - l a n e , r i g h t - a n g l e d i n t e r s e c t i o n was s i m u l a t e d u n d e r c o m b i n a t i o n s 
of v a r y i n g f low r a t e s and t u r n i n g p r o b a b i l i t i e s and t h e r e s u l t i n g d e l a y 
p r e d i c t i o n compared t o W e b s t e r ' s e q u a t i o n f o r a v e r a g e d e l a y . 
A s e r i e s of t e s t s were t h e n c o n d u c t e d t o d e t e r m i n e t h e s i g n i f i ­
c a n c e of model t y p e , ne twork c o n f i g u r a t i o n and f low r a t e on t h e p r e d i c ­
t i o n of a v e r a g e v e h i c l e d e l a y . A second s e t of t e s t s were pe r fo rmed t o 
examine t h e dynamic p r o p e r t i e s of d e l a y p r e d i c t i o n s o v e r e x t e n d e d p e r i ­
ods of t i m e . 
A number of s e c o n d a r y c o n s i d e r a t i o n s i n t r a f f i c s i m u l a t i o n were 
examined . F i r s t two of t h e mode l s were s e l e c t e d and t h e e f f e c t s of 
s i m u l a t i o n s c a n n i n g t i m e were examined . N e x t , a method of p r e l o a d i n g 
t h e ne twork w i t h v e h i c l e s was d e v i s e d and t h e r e d u c t i o n i n c o m p u t a t i o n 
t i m e of p r e l o a d i n g was compared t o t h e t i m e s o b t a i n e d by s t a r t i n g t h e 
n e t w o r k s i n an empty s t a t e . F i n a l l y , one of t h e models was s e l e c t e d t o 
t e s t t h e s i g n i f i c a n c e of t h e i n t e r a r r i v a l t i m e d i s t r i b u t i o n . Model p e r ­
formance u s i n g e x p o n e n t i a l l y d i s t r i b u t e d i n t e r a r r i v a l t i m e s was compared 
t o p e r f o r m a n c e u n d e r t h e a s s u m p t i o n o f an E r l a n g d i s t r i b u t i o n . 
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C o n c l u s i o n s 
E f f e c t s of Model ing P h i l o s o p h i e s on Pe r fo rmance 
There i s a s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e i n t h e d e l a y 
p r e d i c t i o n s of t h e m o d e l s . A l though t h e t i m e d e p e n d e n t s e q u e n c e of 
d e l a y s o b t a i n e d from t h e v a r i o u s models a p p e a r s t o f o l l o w t h e same p a t ­
t e r n , t h e m a g n i t u d e s of t h e d e l a y p r e d i c t e d by t h e models d i f f e r s s i g ­
n i f i c a n t l y . 
Model r u n n i n g t i m e s a l s o e x h i b i t a dependence on model t y p e . The 
ZONE model t i m e s were 10 t o 15 t i m e s f a s t e r t h a n t h e more complex UB and 
CONT m o d e l s . D i f f e r e n c e s i n compute r memory r e q u i r e m e n t s were n o t a s 
s i g n i f i c a n t a s d i f f e r e n c e s i n r u n n i n g s p e e d s , and i t was found t h a t t h i s 
p a r a m e t e r was h i g h l y d e p e n d e n t on t h e a c t u a l ne twork b e i n g m o d e l e d . 
Warm-Up Time and P r e l o a d i n g C o n s i d e r a t i o n s 
The r e s u l t s r e g a r d i n g warm-up t i m e were i n c o n c l u s i v e . The c o r r e ­
l a t i o n be tween d e l a y s o b s e r v e d i n d i f f e r e n t t i m e p e r i o d s a p p e a r s t o be 
r e s t r i c t e d t o a o n e - p e r i o d ( s i g n a l c y c l e t i m e ) l a g . However, i t i s n o t e d 
t h a t t h i s f a c t o r depends on t u r n i n g p r o b a b i l i t i e s and f u r t h e r r e s e a r c h 
i s needed t o examine o t h e r c o n t r i b u t i n g f a c t o r s . 
The m a g n i t u d e of t h e s a v i n g s i n c o m p u t a t i o n a l t i m e of p r e l o a d i n g 
a ne twork w i t h v e h i c l e s was n o t s t a t i s t i c a l l y s i g n i f i c a n t , b a s e d on t h e 
l i m i t e d sample s i z e . However , t h e s h o r t t i m e n e c e s s a r y t o p r e l o a d t h e 
ne twork i n d i c a t e s t h a t a s a v i n g s h o u l d r e s u l t from p r e l o a d i n g l a r g e r 
n e t w o r k s . 
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D e s i r a b l e S t e p S i z e 
Both t h e s t e p s i z e of t h e ZONE model and t h e u n i t s i z e of t h e 
c l o c k f o r t h e NEXT model were shown t o have a s i g n i f i c a n t e f f e c t on 
d e l a y p r e d i c t i o n . S i n c e f i e l d d a t a from a c t u a l ne twork d e l a y s were n o t 
a v a i l a b l e , no s p e c i f i c s t e p s i z e was s i n g l e d o u t a s b e i n g b e s t . E x t e n ­
s i v e f i e l d v a l i d a t i o n i s n e c e s s a r y t o f i x t h i s p a r a m e t e r . 
I n t e r a r r i v a l Time D i s t r i b u t i o n 
No s i g n i f i c a n t e f f e c t was d e t e r m i n e d i n t h e c h o i c e of an i n t e r ­
a r r i v a l t i m e d i s t r i b u t i o n . The c o m p u t a t i o n a l c o m p l e x i t y of t h e l o g a ­
r i t h m i c c a l c u l a t i o n s i n t h e e x p o n e n t i a l d i s t r i b u t i o n and t h e E r l a n g 
d i s t r i b u t i o n s u g g e s t t h a t p o s s i b l y some o t h e r d i s t r i b u t i o n migh t be more 
d e s i r a b l e . 
Recommendat ions 
D i r e c t i o n of F u t u r e T r a f f i c Models 
Th i s r e s e a r c h h a s o n l y i n d i c a t e d t h a t a d i f f e r e n c e e x i s t s i n t h e 
r e s p o n s e s p r o d u c e d by d i f f e r e n t model t y p e s . An e x t e n s i v e f i e l d v a l i d a ­
t i o n p r o c e d u r e i s n e c e s s a r y b e f o r e t h e b e s t model can be i d e n t i f i e d . 
T h i s r e s e a r c h i s g r e a t l y needed due t o t h e i n c r e a s i n g number of a p p l i ­
c a t i o n s of t r a f f i c s i m u l a t i o n . 
The u n i t b l o c k t y p e models do n o t a p p e a r t o o f f e r any s i g n i f i c a n t 
a d v a n t a g e s . Large compu te r memory r e q u i r e m e n t s , s low r u n n i n g s p e e d s and 
complex programming r o u t i n e s s u g g e s t t h a t t h e y s h o u l d be removed from 
s e r i o u s c o n s i d e r a t i o n s f o r ne twork m o d e l i n g . 
The t r e m e n d o u s speed a d v a n t a g e of t h e ZONE model s u g g e s t s t h a t 
f u r t h e r r e s e a r c h i n t h i s m o d e l i n g t e c h n i q u e s h o u l d be c o n d u c t e d t o 
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improve t h e p e r f o r m a n c e p r e d i c t i o n c a p a b i l i t i e s of t h i s m o d e l . Care 
must be t a k e n i n e s t a b l i s h i n g t h e d e s i r a b l e s t e p s i z e . 
I t i s t h e c o n j e c t u r e of t h i s r e s e a r c h e r t h a t t h e NEXT model can 
be improved t o o b t a i n t h e speed a d v a n t a g e i n n e t w o r k s i t u a t i o n s which 
was e x h i b i t e d i n t h e i n t e r s e c t i o n s t u d i e s . I r r e g a r d l e s s , t h e c h a i n 
s t r u c t u r e u sed t o c o n t r o l i n f r e q u e n t e v e n t s , s u c h a s s i g n a l c h a n g e s , 
s h o u l d be employed by a l l model t y p e s . Repea t c h e c k i n g of t h e s t a t u s of 
a g r e e n l i g h t can o n l y l e a d t o w a s t e d compute r p r o c e s s i n g t i m e . The 
i m p o r t a n c e of t h i s f a c t o r i n c r e a s e s a s s m a l l e r s t e p s i z e s a r e c o n s i d e r e d . 
Model V a l i d a t i o n P r a c t i c e s 
There i s no s u b s t i t u t e f o r t h e v a l i d a t i o n of model r e s p o n s e t o 
f i e l d o b s e r v a t i o n s . T h i s v a l i d a t i o n must c o n t r a s t t h e p r e d i c t i o n of t h e 
p e r f o r m a n c e m e a s u r e s w i t h a c t u a l s y s t e m c h a r a c t e r i s t i c s u n d e r s i m i l a r 
s i t u a t i o n s . I f t h e models a r e t o be u sed t o measu re ne twork c h a r a c t e r ­
i s t i c s , t h e n a c t u a l n e t w o r k s must be u s e d f o r f i e l d o b s e r v a t i o n s . 
B e f o r e f i e l d v a l i d a t i o n b e g i n s , t h e method of g a t h e r i n g f i e l d 
d a t a n e e d s t o be r e v i e w e d and a d j u s t e d f o r ne tw or k c o n s i d e r a t i o n . 
Methods must be d e v i s e d f o r m e a s u r i n g t h e p e r f o r m a n c e m e a s u r e s i n t h e 
f i e l d a s w e l l a s i n t h e s i m u l a t i o n m o d e l s . P r e s e n t t e c h n i q u e s a r e 
l a c k i n g i n t h i s a r e a . 
Pe r fo rmance M e a s u r e s . Some r e s e a r c h i s needed i n t h e a r e a of 
p e r f o r m a n c e measure d e f i n i t i o n and i d e n t i f i c a t i o n . In many c a s e s , 
models have b e e n d e v e l o p e d and t h e p e r f o r m a n c e m e a s u r e s r e a d i l y a v a i l ­
a b l e u s e d t o c o n t r a s t s y s t e m p e r f o r m a n c e . S i g n i f i c a n t m e a s u r e s need t o 
be i d e n t i f i e d and t h e n o p e r a t i o n a l l y d e f i n e d . 
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The measurement and a n a l y s i s of s i m u l a t i o n r e s p o n s e s r e q u i r e s 
more i n v e s t i g a t i o n . The s i m p l e a p p l i c a t i o n of a u t o c o r r e l a t i o n a n a l y s i s 
p r e s e n t e d i n C h a p t e r M- i s b u t one of a m u l t i t u d e of a n a l y t i c a l t e c h n i q u e s 
a v a i l a b l e t o examine t h e t i m e d e p e n d e n t s y s t e m r e s p o n s e s . E x t e n s i v e 
r e s e a r c h i s needed i n t h i s a r e a t o a n a l y z e b o t h t h e s y s t e m and t h e 





INPUT FORMAT SPECIFICATIONS 
Each i n p u t deck c o n s i s t s of a r u n s p e c i f i c a t i o n c a r d and a n e t ­
work d a t a d e c k . The ne twork d a t a deck h a s t h e same f o r m a t f o r a l l f o u r 
m o d e l s . The r u n s p e c i f i c a t i o n c a r d i s t h e same f o r t h e CONT, UB and 
NEXT m o d e l s . One a d d i t i o n a l p i e c e of i n f o r m a t i o n i s r e q u i r e d f o r t h e 
ZONE m o d e l . 
Run S p e c i f i c a t i o n Card 
Each i n p u t deck must b e g i n w i t h a r u n s p e c i f i c a t i o n c a r d . A f r e e 
f i e l d f o r m a t i s u sed f o r t h i s c a r d and a l l q u a n t i t i e s a r e r e a d a s i n t e ­
g e r v a r i a b l e s . For t h e CONT, UB and NEXT models t h e f o l l o w i n g d a t a must 
be e n t e r e d : 
1 . Run Index 
2 . Network I n d e x 
3 . Amber Time ( S e c o n d s ) 
Random Number Seed 
5 . Data Running Time ( M i n u t e s ) 
6 . Warm-Up Time ( M i n u t e s ) 
The ZONE model r e q u i r e s : 
1 . Run I n d e x 
2 . Network Index 
3 . Amber Time ( S e c o n d s ) 
Random Number Seed 
5 . Scan Time S t e p S i z e ( S e c o n d s ) 
6 . Da ta Running Time ( M i n u t e s ) 
7 . Warm-Up Time ( M i n u t e s ) 
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Network Data Deck 
The ne twork d a t a deck i s d i v i d e d i n t o t h r e e s e c t i o n s . F i r s t t h e 
d a t a c a r d s on a l l e x t e r n a l nodes a r e r e a d . N e x t , p a i r s of c a r d s a r e 
r e a d f o r e ach i n t e r n a l n o d e . The f i r s t c a r d s p e c i f i e s d a t a c h a r a c t e r ­
i s t i c s of t h e node w h i l e t h e s econd c a r d i d e n t i f i e s t h e s i g n a l c h a r a c ­
t e r i s t i c s . F i n a l l y , t h e d a t a c a r d s on a l l l i n k s a r e r e a d . Each s e c t i o n 
of c a r d s i s f o l l o w e d by a b l a n k c a r d a s a s e c t i o n d e l i m i t o r . 
Each e x t e r n a l node i n t h e ne twork must be i d e n t i f i e d by one c a r d 
a s s p e c i f i e d be low: 
Column 
1 The c a r d i d e n t i f i c a t i o n code 1 must be e n t e r e d ( I I ) . 
2-4 The node i d e n t i f i c a t i o n number must be e n t e r e d ( 1 3 ) . 
5-6 The node t y p e must be e n t e r e d ( 1 2 ) . 
0 - Both g e n e r a t e and t e r m i n a t e . 
1 - G e n e r a t e o n l y . 
2 - T e r m i n a t e o n l y . 
10-1.4 The node g e n e r a t i o n volume i n v e h i c l e s p e r h o u r ( F 5 . 0 ) . 
20 The number of l a n e s p e r l i n k l e a d i n g from t h e node ( I I ) . 
Each i n t e r n a l node w i l l have two d a t a c a r d s a s s o c i a t e d w i t h i t . 
The f i r s t c a r d i d e n t i f i e s t h e node c h a r a c t e r i s t i c s and t h e f o r m a t i s : 
Column 
1 The c a r d i d e n t i f i c a t i o n code 2 must be e n t e r e d ( I I ) . 
2-4 The node i d e n t i f i c a t i o n number must be e n t e r e d ( 1 3 ) . 
5-6 The node t y p e must be e n t e r e d ( 1 2 ) . 
5 - F i x e d t i m e s i g n a l c o n t r o l l e d . 
7-9 The i d e n t i f i c a t i o n number of t h e nodes c o n n e c t e d t o t h e n o d e . 
10-12 A c o u n t e r - c l o c k w i s e s e q u e n c e i s assumed s t a r t i n g w i t h one of t h e 
13-15 major s t r e e t a p p r o a c h n o d e s . 
16-18 
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19 The node geomet ry ( I I ) 
1 - Two- lane by t w o - l a n e . 
3 - F o u r - l a n e by f o u r - l a n e . 
The second i n t e r n a l node d a t a c a r d i d e n t i f i e s s i g n a l c o n t r o l p a r a m e t e r s 
and i s s p e c i f i e d a s f o l l o w s : 
Column 
1 The c a r d i d e n t i f i c a t i o n code 3 must be e n t e r e d ( I I ) . 
2-4 The node i d e n t i f i c a t i o n number must be e n t e r e d ( 1 3 ) . 
5-7 The s i g n a l c y c l e t i m e i n s e c o n d s ( 1 3 ) . 
8-10 The major s t r e e t o f f s e t t i m e i n s e c o n d s ( 1 3 ) . 
11-13 The major s t r e e t g r e e n t i m e i n s e c o n d s ( 1 3 ) . 
14-16 The minor s t r e e t o f f s e t t i m e i n s e c o n d s ( 1 3 ) . 
17-19 The minor s t r e e t g r e e n t i m e i n s e c o n d s ( 1 3 ) . 
Each ne twork l i n k r e q u i r e s one l i n k d a t a c a r d i n t h e ne twork d a t a 
d e c k . The f o r m a t s p e c i f i c a t i o n i s g i v e n b e l o w : 
Column 
1 The c a r d i d e n t i f i c a t i o n code 4 must be e n t e r e d ( I I ) . 
2-4 The i d e n t i f i c a t i o n number of t h e s o u r c e node must be e n t e r e d ( 1 3 ) . 
5-7 The i d e n t i f i c a t i o n number of t h e head node must be e n t e r e d ( 1 3 ) . 
8-11 The l i n k l e n g t h i n f e e t ( 1 4 ) . 
12 The number of l a n e s ( I I ) . 
13-15 The s o u r c e node i d e n t i f i c a t i o n number of t h e l i n k o p p o s i n g l e f t -
t u r n i n g t r a f f i c ( 1 3 ) . 
16-18 The p r o b a b i l i t y of a l e f t t u r n ( i n p a r t s p e r t h o u s a n d ) a t t h e 
head node ( F 3 . 3 ) . 
19-21 The p r o b a b i l i t y of a s t r a i g h t movement a t t h e head node ( F 3 . 3 ) . 
22-24 The head node i d e n t i f i c a t i o n numbers of t h e d e s t i n a t i o n l i n k s f o r 
25-27 l e f t - , s t r a i g h t i n g and r i g h t - t u r n i n g t r a f f i c . 
28-30 
Here o f f s e t t i m e i s d e f i n e d t o be t h e number of s e c o n d s u n t i l 
t h e f i r s t r e d p h a s e . 
APPENDIX B 
FORTRAN LISTING OF CONT MODEL 
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D E F I N S P R O C E D U R E 
C 
c . . . . . S E T U P F O R N O D E S . 
c 
PARAMETER M A X N O = 3 5 
REAL N 0 P A R 5 , N 0 C L K . 
COMMON /NODES/ NOTDNO(MAXNO)»MOTYPE(MAXNO>,NONXT (MAXNO»*+>* 
1 N 0 P A R S ( M A X N 0 » 2 ) , N O I N P ( M A X N O , U ) » N O O U T P ( M A X N O ) t 
2 NOSEED(MAXNO)»NOSIG(MAXNO)»NOCLK(MAYNO) 'NUMNOS 
c 
c S E T U P F O R S I G N A L S . 
c 
PARAMETER MAXSIG= ? 0 
INTEGER AMBERT»SlGlNP,SIGCYC,<;iGSTA»STGOFF,SlGGRN»SlGRED'SlGCLK 
COMMON /SIG/ SIGCYC(MAXSIG)»STGSTA(MAXSlG»2>,SIG0FF(MAXSlG»2) t 
1 SIGGRN(MAXSIG»2 )»SIGRED(MAX^IG»2 )»STGCLK(MAXSIG»2> r 
2 S I G I N P ( M A X S I G » 4 ) » N U M S I G » A M B E R T 
C 
c S E T U P F O R L T N K S . 
C 
P A R A M E T E R M A X L K S = I O O 
R E A L L K P R O B 
COMMON / L I N K S / L K L D < M A X L K S » 2 ) , I _ K L N G ( M A X L K S ) R L K L A N S < M A X L K S ) » 
1 LKNOD(MAXLKS)»LkOPOS<MAXLKS),LKLEAD(MAXLKS»2)»LKLAST<MAxLKS»2>» 
2 L K H 0 L D ( M A X L K S » 2 ) » L K P R 0 B < M A X L K S » 2 ) » L K 0 E S T ( M A X L K S , 3 ) » M U M L K S » 
3 LKTAG(MAXLKS» 2 ),LKDEL<MAXLKS , 2 )»LKDFLD(MAXLKS * 3 )»LK\/L(MAXLKS*2 ) » 
4 LKVD(MAXLKS ,3) tLKSTOP<MAXLKS»2)»LKMAXQ<MAXLKS»2) 
C 
c S E T U P F O R V F H I C L E S . 
C 
PARAMETER MAXVEH = ? 0 0 0 
INTEGER VLANE»VLKTlM»vLK,VLEAD»VFOLOW»VTURNrVTAG»VACC 





C G E N E R A L C O M M O N V A R I A B L E S . 
C 
INTEGER CLOCK,FINTSH»wARMUPrDEI T 
COMMON CLOCK»lSEEn»FlNlSH»WARMUP»DELT 
C 
c * * * * * * * * * * * * * * * * * * * * * 
C * - ' ' * 
C * DEFINITION oF VARIABLES USED I N THE PROGRAM. * 
C * * * * * * * * * * * * * * * * * * * * * 
C * * 
C * * 
c * * 
C * AMBERT - AMRER TIME I N SECONDS. 
C * CLOCK - MASTER SIMULATION CLOCK. * 
C * DELT - DELTA T U ' E » THE TTME STEP• 
C * FINISH - THF ABSOLUTE STOPPING TIME. 
C * ISEED - THE INITIAL RANDOM NUMBFR SEED. 
c * I T H - I N D E X U S E D T O P O I N T T O S P E C I F I C S I G N A L . * 
c * K T H - I N D E X U S E D T O P O I N T T O S P F C I F I C L I N K . * 
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C * L K D E L ( K T H , 1 - 2 ) - C U M U L A T I V E D E L A Y ON L I N K B Y L A N E S . 
C * L K D E L D ( K T H , I - 3 > - CUMULATIVE DEI A Y ON L I N K B Y DFSTIuATION. 
c * L K D E S T U T H , i - 3 ) - L I N K O F S T I N A T T O N S : L E F T r S T R » R T G H T . * 
C * . L K H O L L X K T H , 1 - 2 ) - I N D E X T O V E H I C L E IN H O L D I N G A R E A * 
C * LKlD<KTH»l -?> - S Y M B O L I C I . D . O F T A I L ( 1 ) A N D H E A D ( 2 ) . * 
C * L K L A N S ( K T H ) - N U M B E R O F | A N E S . * 
C" * L K L A S T ( K T H , 1 - 2 ) - I N D E X T O L A S T V E H I C L E * 
C * L K L E A L ) < K T H M - 2 ) - I N D E X T O L E A D F R * 
C * L K L N G ( K T H ) - L I N K L E N G T H ( I N F E F T ) . * 
C * L K M A X Q ( K T H » 1 - 2 ) - M A X I M U M Q U E U E L E N G T H , BY L A N E S * 
C * L K N O D ( K T H ) - I N D E X T O N O D E A T H F A D O F L I N K , * 
C * L K O P O S U T H ) - L T N K A P P O S I N G A L F F T TURN. * 
C * L K P R O R ( K T H , 1 - 2 ) - C U M U L A T I V E P R O B O F L E F T & S T R . M O V E . * 
C * L K S T 0 P ( « T H , l - 2 ) - T O T A L N U M B E R nF S T O P S O N L I N K B Y L A N E S . 
C * • L K T A G ( K T H » 1 - 2 ) - L I N K T A G I N D I C A T O R : * 
C * 0 - O K . 1 - M U S T T A G A V E H I C L E TO STOP, * 
C * L K V D ( K T H » l - 3 ) - V E H I C L E C O U N T B Y D E S T I N A T I O N , 
C * L K V L < K T H » 1 - ? ) - V E H I C L E C O U N T B Y L A N E S , 
C * M A X L K S - M A X I M U M POSSlBl F N U M B E R O F L I N K S , * 
C * M A X N O - M A X I M U M PoSSlBLF N U M B E R O F N O D E S , * 
C * MAXSlG - M A X I M U M PoSSlBLF N U M B E R O F S I G N A L S , * 
C * MAXvEH - M A X I M U M PoSSlBLF N U M B E R O F V E H I C L E S . * 
C * N O C L K ( N T H ) - T I M E O F N E X T G E N E R A T I O N F R O M NODE, 
C * N O I D N O ( N T H ) - S Y M B O L I C N O D E I D E N T I F I E R . * 
C * N 0 l N P ( N T H » l - 4 ) - I N D E X T O L I N K S I N P U T T I N G T O T H T S N O D E * 
C * N O N X T ( N T H * 1 - 4 ) - S Y M B O L I C I D E N T I F I E R S O F A D J . N O D E S . * 
C * N O O U T P ( N T H ) - I N D E X T O L I N K S T A K I N G F R O M T H I S N O D E * 
C * N O P A R S ( N T H r 1 - 2 ) - P A R A M E T E R S F O P G E N E R A T E NODES. * 
C * N O S I G ( N T H ) - Ilsir.EX T O S I G N A L F O R N T H N O D E , * 
C * N O T Y P E ( N T H ) - NODE T Y P E : * 
C * 0 - B O T H G E N E R A T E A N D T E R M I N A T E , * 
C * 1 - G F N E R A T E O N L Y , * 
C * 2 - T F R M I N A T E O N L Y , * 
C * 4 - Twn WAY S T O P ' * 
C * 5 - F I X E D TIMF C O N T R O L L E D . * 
c * N T H - IN D E X U S E O T O P O I N T TO S P F C I F I C N O D E , * 
C * N U M L K S - N U M B E R O F L I N K S I N M O D F L * * * 
C * N U M N O S - NUvBER OF NODES. * 
C * N U M S I G - N U M B E R O F S I G N A L S . * 
C * N U M V E H - N U M B E R O F V E H I C L E S I N N E T W O R K . * 
C * S I G C L K ( I T H » i - 2 ) - T I M L O F N E X T S T A T E C H A N G E T O S I G N A L , 
C * S I G C Y C ( I T H ) - C Y C L E L E N G T H O F I T H S I G N A L . * 
C * S I G G R N ( I T H , i - 2 ) - L E N G T H O F G R E F N S I G N A L 
C * S I G I N P ( I T H , 1 - 4 ) - L I N K S T N P U T T I M G T O T H E I T H S I G N A L . 
C * S I G O F F ( I T H , 1 - 2 ) - O F F S E T T I M E • 
C * S IGREDdTH, 1-2) - R E D T I M E F O R I T H S I G N A L * 
C * S I G S T A d T H . l - 2 ) - S I G N A L S T A T E : 
C * 0 - GRErN. 
C * 1 - A M B E R ' 
C * 2 - R E D . 
C * V A C C ( J T H ) - A C C E L E R A T I O N I N D I C A T O R FoR L E F T TURNS * 
C * V A S P ( J T H ) - V E H I C L E ' S A C T U A L S P F E D . * 
C * V D S P ( J T H ) - V E H I C L E ' S D E S I R E D S P E E D . * 
C * V F O L O W ( J T H ) - V E H I C L E F O L L O W I N G T H E J T H V E H I C L E * 
C * V H O L D ( J T H ) - N U M B E R OF F F E T M O V F D B E F O R E HOLDING * 
C * V L A M E ( J T H ) - L A N E D E S I R F O . * 
C * V L E A D ( J T H ) - V E H I C L E L E A D I N G T H F J T H V E H I C L E . * 
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C * VLK ( J T H ) - INDEX OF CURPFNT OR MOST RECENT LINK. * 
C * VLKTIM ( J T H ) CLOCK TIME VEHICLE SHOULD LEAVE LINK. 
C * V P O S ( J TH) - POSITION OF JTH VEHICLE FROM END OF LINK * 
C * VTAG ( J T H ) - STOPPING TAG INDICATOR' 1 - STOP* * 
C * ' VTURN ( J T H ) - TURN INDICATOR: * 
C * 1 - LFFT» * 
C * 2 - STRAIGHT* * 
C * 3 - RIGHT• * 
C * WARMUP - THF AMOUNT OF TIME FOR WARMUP. 
C * * 
c * * 
c • • • ' * • • • * * • * * • * * • * • * • • • 
c * * 
c * * 
c » . * 
c * * 






C THIS IS THE MAIN PROGRAM FOR THF CONTINUOUS MOnFL• 





C ..... INITIALIZATION 
NTH = 0 
DELT = 1 
CLOCK - -DELT 
C 
C RUN PARAMETERS 
C 
READ(5,1) IRUN»INET'AMBERT,ISEFD'FINISH'WARMUP 
1 FORMAT( ) 
MODEL - »CONT» 
*RITE<21> MODEL»IRUN»INET»ISEED 
WRITE<22) MODEL'lRUN»INET ' ISEED 
PUNCH 6»iRUfg»I NET 11 SEED 
6 FORMAT(•CONT MODEl IRUN = ,»lu,» INFT = »'I<+,» ISEEn = »'I12) 
WARMUP - WARMUP * 60 
FINISH = FINISH * 60 + WARMUP 
WRITE<6»2) IRUN'IrjET» ISEED,FINTSH'WARMUP 
2 FOKMAT(•1***************** CONTINUOUS MODEL *****************•'// 
1 • RUN NUMBER M b » / / » ' NETWORK 'rTS'' ISEED »'I9» 
2 //»• FINISH = ••IA'* SECONnS. WARMUP =»,I4'» SECONDS. 1'//) 
C 
C CALL INPUT SUBROUTINES. 
C 








CALL DUMP(0»'nATA C f»»HECK »,n> 
C THIS SUBROUTINE PROVIDES A DUMP OF THE VARlARLEc 
C IN CASE OF AN ERROR. THF VALUE OF K DETERMINES 
C THE TYPE OF DUMP: 
C 0 - SFT UP C H F C K » CALL RETURN 
C AFTER PRINTOUT ON NODES' FTC. 
C 1 - ERROR ON TNPUT, 




C GENERAL INFORMATION D U M P . 
C 
WRITE<6»1) K 
1 FORMAT(///» ERROR DUMP OUTPUT. K =»»T5> 
100 WRITE<6»3) M»Nl»NP 
3 FORMATC THING »»I5.»» NOW RFING PROCESSED.»,/»• MESSAGE 
1 »1X»2A6) 
C THF SIMULATION. 
C 
1000 CLOCK = CLOCK + DFLT 
IF(MOD(CLoCK»90).FQ.O) CALL STATAC2) 
WRITE<22) CLOCK»NUMVEH 





GO TO 1000 
C 
C WARMUP OVER. CLEAR STATISTICS. 
C 
2000 CALL STAT(l) 
CALL STATA(l) 
GO TO 2200 
2100 CLOCK = CLOCK + DFLT 
IF(MOD(CLOCK»90>.EQ.O) CALLSTATA(2> 
WRITE<22) CLOCK »Ni IMVEH 
IF(CL0CK .GE. FINISH) GO TO 30f)0 




GO TO 2100 
C 
C SIMULATION OVER» PRINT STATISTICS* 
C 










C NODE OUTPUT. 
C 
1 0 0 1 MAX = MAXNO 
W R I T E < 6 » 1 0 1 0 ) MAX»NUMN05 
1 0 1 0 F O R M A T ( / / / » » NODE OUTPUT MAX = » » I 2 » l 2 X » 
1 • NUMBER = M 2 » / / » ' INDEX I D NEXT NODE I D « » 
2 • TYPE INDEX L I N K S I N L I N K OUT S I G N A L S 
3 • CLOCK P A R A M E T E R S * ' / / ) 
DO 1 0 1 I = l»NUviNOS 
1 0 1 W R I T E ( 6 » 1 0 1 1 ) I ' N O l D N O d ) ' ( N O N X T ( I » K ) , K = 1 ' 4 ) » N 0 T Y P E ( I ) » 
1 ( N 0 I N P ( I » K ) , K = 1 , 4 ) , N 0 0 U T P ( I ) , N O S I G ( T ) ' N O C L K ( I ) » 
2 ( N O P A R S ( I t K ) » K = i»2) 
1 0 1 1 FORMAT ( I 4 » 6 X » I 2 » 3 x » 4 I . V 6 X » l 2 » ? x » 4 l 4 » 7 Y i I 2 » 8 X » I 2 » 5 X » 
1 F 5 . 0 , 1 X , F 5 . 0 » 1 X » F 5 . 0 ) 
C 
C S IGNAL OUTPUT 
C 
MAX - MAXSIG 
LAM = AMBERT 
W R I T E < 6 » 1 0 2 0 ) MAX,NUMSIG»LAM 
1 0 2 0 F 0 R M A T ( / / / , » S IGNAL OUTPUT M A X = » ' I 2 , » NUMRER = »» 
1 1 2 , ' AMBER T IME = ' » 1 2 , / / , 2 3 X » • * * * * MAJ0R»» 
2 • * * * *»»22X»»* * * * MINOR * * * * • » / » 
3 » INDEX C Y C L E ',2 ( 6 X » ' O F F S E T GREEN RED STATE C L O C K • » 
4 ) > 
DO 1 0 2 I = l»NU.v iSlG 
1 0 2 W R I T E ( 6 » 1 0 2 1 ) I t S T G C Y C ( I > ' ( S l G O F F ( I » K ) t S I G G R N ( I » K ) » S I G R E D { I » K ) * 
1 S I G S T A ( I » K ) » S I G C L K ( I » K ) » K = l , p ) 
1 0 2 1 F O R M A T ( m , 5 x » 1 3 » , ? ( 8 X , 1 3 , 5 X ' 1 3 » 4 X » 1 3 » S X ' 1 2 , 3 X » 1 5 » 3 X ) ) 
C 
C L I N K OUTPUT. 
C 
MAX - MAXLKS 
W R I T E ( 6 » 1 0 3 0 ) MAX *NUMLKS 
1 0 3 0 F 0 R M A T ( / / / » » L I N K OUTPUT MAX = » » T 3 ' ' NUMBFR = » » l 3 » / / » 
1 • INDEX I D N O . LENGTH LANES N O D E LK OPOS L K 1 * 
2 • D E S T I N A T I O N S P R O B A B I L I T I E S L E A D LEAD LAST LAST TAG•» 
3 » HOLD A R E A ' ' / / ) . 
DO 1 0 3 1=1»NUMLKS 
1 0 3 W R I T E ( 6 » 1 0 3 1 ) 1 » L K I D ( I ' D » L K l n ( I » 2 ) , L K L N G ( I ) , L K L A N S < I ) » L K N O D ( I > » 
1 L K O P O S ( I ) » ( L K D E S T ( I » K ) »K = 1».^ )» ( L K P R O R < I » K ) »K = 1 » 2 ) » 
2 L K L E A D d »1> t L K L F A D ( I » 2 ) * LKLAST ( I » 1 ) , L K L A s T d»2) » L K T A G ( 1 , 1 ) » 
3 L K T A G ( I » 2 ) » | . K H 0 l _ D ( I » l ) » L K H 0 | . n ( I » 2 ) 
1 0 3 1 F O R M A T t I 5 » 4 X » 2 I 3 » T 7 , 6 X » I I » 6 X , T ? , 7 X » I 3 » 3 X » 2 I 6 , 3 X » I 3 » 2 X » 
1 2 F 7 . 3 » 3 X » * » ( l * * » 2 x ) » I l » l X » I l » ? Y » I « * » 2 X t I**) 
I F ( K »EQ. 0 ) RETURN 
I F ( K . E Q . 1 ) S T O P 
C 
C VEHICLE OUTPUT. 
C 
MAX = MAXVEH 
W R I T E < 6 » 1 0 5 0 ) MAX»NUMVEH 
1 0 5 0 F 0 R M A T ( / / / » » VEHICLE OUTPUT MAX = », I<+»» NUMBER = » » l W / » 
1 • INDEX DSP ASP L I N K LANE TURN P O S I T I O N A c C TAG.' 
2 » • LEAD FOLLOW H O L D S / / ) 
DO 1 0 5 I = l » M A x V E H 
I F ( V D S P d ) . L F . 0 ) GO TO 1 0 5 
I l l 
WRITE(6»1051) i # V n S P ( I ) ' V A S P ( T ) » V L K ( I ) » V L A N E ( I ) » V T U R N ( I > • 
1 VPOS(I) , V A C C d ) . V T A G d ) ' V L E A n ( I ) ,VFOLOW < I ) , VHOLD ( I ) 
1051 FORMAT (I<+,5x»F3.0»3X» T 3 » 6 X » 1 1 , 6 X , I 1 » 5 * » F 5 • 0 » 6 X ,I1 » 5 X • T 1 • 






C T H I S S U B R O U T I N E R E A D S T H F D A T A C A R D S O N E X T E R N A L 
C N O D E S O N L Y . C O N T R O L I S R E T U R N E D T O T H E C A L L I N G 





R E A D ( 5 , 1 0 1 ) ALPHA»N0 IDN0(NTH) ,NOTYPE(NTH ) »NONXT(NTH»1)» 
1 NOPARS(NTH» 1 ) » N o P A R S ( N T H » 2 ) 
IF(ALPHA ,EQ. 1H ) GO TO 2000 
GO TO 1000 
2000 NTH=NTH-1 
RETURN 
101 F 0 R M A T ( A 1 , I 3 » I 2 » I 3 » 2 F 5 . 0 ) 
END 
SUBROUTINE GAPCHK(KTH, KOUT• ITH> I I ) 
C 
C THIS SUBROUTINE FINDS THF SIZE OF THE GAP ON THE 
C KTH LINK A N D TESTS FOR i.FFT H A N D TURNS. KOUT EQUALS 




DATA PROB / - l . t - l . t . 0 2 * . l n » .22» . 3 6 , . 5 0 * . 6 1 , . 7 * * , 
1 . 8 1 , . 8 4 , . 9 0 , . 9 2 , »95» .gft» »97 , . 9 8 * . 9 9 , . 9 9 5 * . 9995 / 
C ^ 
C IF SIGNAL RED* DO NOT BOTHER WITH GAP CHECKING. 
C 
I F ( S I G S T A ( I T H , I I ) .EQ. 2) GO TO 200n 
C 
C . . . . . BRANCH ON NUMBER OF LANFS. 
C 
IF(LKLANS(KTH) .EQ. 2) GO TO 1*00 
C 
C SINGLE LANE APPROACH. 
C JTH = LKLEAD(KTHM ) 
1252 I F ( J T H .EO. 0) GO TO 2000 
IF (VP0S(JTH) . L E . LKLNG(KTH) + 20) GO TO 1260 
JTH = VFOLOW(JTH) 
GO TO 1252 
1260 IF(VASP(JTH) . L E . 4 . 0 ) GO TO 2000 
IF(VTURN(JTH) .EO. 1) GO To ?000 
IF(VTAG(JTH) .EQ. 1) GO TO 2on0 
GAP = (LKLNG(KTH) + 20 -VPOS(JTH) ) /VASP(JTH) 
GO TO 1500 
C 
C TWO LANE APPROACH, FIND THE SHORTEST GAP. 
112 
C 
GAP2 = (LKLNG(KTH) + 20 - VPOS(JTH) ) /vASP(JTH) 
1450 GAP = MlN(GAPl»GAP2) 
C 
C TEST THF ACCEPTANCE DISTRIBUTION. 
C 
1500 IF(GAP .GE. 2 0 . 0 ) GO TO 2000 
IF(GAP . L E . 2) GO TO 1750 
INDEX = GAP • 0 . 5 
I F ( R N K I S E E D ) . L E . PRoB(INDEX)) GO To 2000 
C 
C R E J E C T . 




2000 KOUT = 0 
RETURN 
END 
SUBROUTINE H OLD I N ( JTH.KTHOLD»K.THNEW » I N D E X ' D I S T ) 
C 
C REMOVES VEHTCLE FROM OLD LINK AND PLACES I T ON NEW. 
C 
I N C L U D E D E F I N S 
I N T E G E R D E L A Y 
C 
C I F NEW V F H I C L E * S K I P F I R S T S E C T I O N * 
C 
I F ( K T H O L D . E Q . 0) G O T O 500 
C 
C ~ R E M O V E F R O M C H A I N ON O L D L I N K • 
C 
I L A N E = V L A N E ( J T H ) 
J T H N X T = V F O L O W ( J T H ) 
L K L E A D U T H O L D . I L A N E ) = J T H N X T 
I T U R N = V T U R N ( J T H ) 
D E L A Y = C L O C K - VI K T I M ( J T H ) 
W R I T E ( 2 D C L O C K » K T H O L D , J T H » D E L A Y 
L K D E L ( K T H O L D » I L A N F ) = L K D E L ( K T H O L D R I L A N E ) + D E L A Y 
1 3 0 0 GAP1 = 9 9 9 . 
JTH = L K L E A D < K T H r 1 ) 
1 3 1 2 I F J J T H .EO. 0 ) Go TO 1 4 0 0 
I F ( V P 0 S ( J T H ) . L E . LKLNG<KTH>+?n) GO TO 1 3 2 0 
JTH = VFOLOW(JTH) 
GO TO 1 3 1 2 
1 3 2 0 I F ( V A S P ( J T H ) . L E . 4 . f l ) GO To 1 4 0 0 
I F ( V T U R N ( J T H ) . E o . 1 ) GO TO mOO 
I F ( V T A G ( J T H ) . E Q . 1 ) GO TO 1 4 0 0 
GAP1 = (LKLNG(KTH) • ? 0 - V P 0 S ( J T H ) ) / v / A S P ( j T H ) 
1 4 0 0 GAP2 = 9 9 9 . 
JTH = L K L E A O ( K T H , ? ) 
1 4 1 2 I F ( J T H . E Q . 0 ) Go TO 1 4 5 0 
I F ( V P O S U T H ) . L E . LKLNG(KTH)+?n) GO TO 1 ^ 2 0 
JTH = VFOLOW(JTH) 
GO TO 1 4 1 2 
1 4 2 0 I F ( V A S P U T H ) . L E . 4 . 0 ) GO To 1 4 5 0 
I F ( V T A G ( J T H ) . L Q . 1 ) GO TO 1 4 5 0 
113 
LKUELD (KTHOLD»I TURN) = LKDELD (KTHOLD> TTURN) + DELAY 
LKVL(KTHOLDilLANE) = LKVL<KTHOI D » I L A N F ) • 1 
LKVD(KTHOLD»I TURN) = LKVD(KTHoi D » I T U RN ) • 1 
I F IJTHNXT . E O . 0 ) GO TO 1 0 0 
VLEAD(JTHNXT) = 0 
VFOLOW(JTH) = 0 
GO TO 5 0 0 
1 0 0 L K L A S T ( K T H O L D » I L A N £ ) = 0 
C 
C PLACE I N HOLDING AREA. 
C 
5 0 0 LKHOLD(KTHNEW»INDEX) = JTH 
VHOLD(JTH) = H I S T 
C**** W R 1 T E ( 6 » 1 ) JTH»KTHOLD,KTHNEW»IMDEX»DI«;T 
1 FORMAT(* HOLDIN VEH ' » I 4 , » FROM LINK f'l3»» TO LINK • » I 3 » 





C THIS SUBROUTINE TAKES VFHlCLES OUT OF A HOLDING 




OATA LKFACT / 188,232, 30»60, 1<+5»145» 336,397, 30»60, 273»273» 
1 <489,b68, 30'60, ttl2»<*12 / 
DEFINE LFACT(LANE ,1TURN»ISPEED) = LKFflCT(LANE»ITURN*ISPEED) 
C**** WRITE(6»1) 
1 FORMAT(» HOLDOU') 
DO 3000 KTH=1,NUMLKS 
LANE = 1 
C 
C ..... BRANCH ON NUMBER OF LANFS 
IF(LKLANS(KTH) .EQ. 2) GO TO ?000 
C 
C SINGLE LANE. LOOK AT HOLDING AREA. IF EMPTY SKIP. 
LANE = 1 
INDEX = 1 
JTH = LKHoLQ(KTH»1) 
IF(JTH .EO. 0) GO TO 3000 
C 
C IF NEW VEHICLE TO THIS LINK» ASSIGN PARAMETERS. 
IF(VLK(JTH> .EQ. KTH) GO TO H 0 0 
VLK(JTH) = KTH 
VLANE(JTH) = 1 
X = RNKISEED) 
DO 1050 I = l»2 
IF(X .LE. LKPROB(KTH»l)) GO TO 1055 
1050 CONTINUE 
VTURN(JTH) = 3 
GO TO 1075 
1055 VTURN(JTH) = I 
1075 IF(IFIX(VDSP(JTH) ) - 5**) 1081,1082» lnfl3 
1081 VLKTIM(JTH) = CLOCK • (LKLNG(KTH) • VHO L D ( J T H ) 
1 + LFACT(1»VTUKN(JTH) » D - VDSP(JTH)) / VDSP,(JTH) 
GO TO 1100 
114 
1 0 8 2 V L K T I M ( J T H ) = CLOCK • (LKLNG ( K T H ) + V M O L D ( J T H ) 
1 • LFACT(1*VTl)RN(JTH)»2> - VDSP(JTH)) / VDSP(JTH) 
GO TO 1 1 0 0 
1 0 8 3 V L K T I M ( J T H ) = CLOCK + ( L K L N G ( K T H ) + V H O L D ( J T H ) 
1 • LFACT( 1 »VTliRN( JTH) » 3 ) - VDSP(JTH)) / VDSP(JTH) 
1 1 0 0 ZA = ZACCEL(VASP(JTH),VDSP<JTH)) 
C 
c 
JTHCHK = LKLAsT(KTH*1) 
IF(JTHCHK .EQ. 0 ) GO TO 2 9 0 0 
ZS = ZSPACE(0.0*VASP(JTH)*VPOS(JTHCHK)+VHOLD(JTH).VASP(JTHCHK)) 
Z = MIN(ZA»ZS) - VHOLn(JTH) 
IF(Z .LT. 0 ) GO TO 2 9 5 0 
GO TO 2 9 7 5 
C 
C 
C TWO LANE LINK PROCESSING. LOOK A T HOLDING AREAS. 
C 
2 0 0 0 INDEX = 1 
JTH = LKHOLD(KTH,l) 
IF(JTH .NE. 0) G O TO 2100 
2 0 0 1 INDEX = 2 
JTH = L K H O L D ( K T H » ? ) 
IF(JTH .EQ. 0 ) G O TO 3 0 0 0 
2 1 0 0 Z A = ZACCELtVASP(JTH),VDSP(JTH)) 
C***» WRITE(6»5) Z A . V A S P ( J T H ) » V D S P ( J T H ) 
5 FORMAT() 
C 
C FOUND A VEHTCLE IN THE HOLDING AREA• IF VEHICLE 
C NEW TO THIS LINK * ASSIGN PARAMETERS. 
C 
IF(VLK(JTH) .EQ. KTH) GO TO ?p50 
VLK(JTH) = KTH 
X = RNKISEED) 
IF(X . G T . L K P R O B ( K T H » 1 ) ) GO T O 2 1 4 0 
VTURN(JTH) = l 
VLANE(J T H ) = 1 
GO TO 2 1 4 9 
2 1 4 0 IF(X .GT. L K P R O B ( K T H » ? ) ) GO T O 2 1 4 5 
IF(VTURN(JTH) .EQ. 2 ) GO TO ? i 4 9 
VTURN(JTH) = 2 
VLANE(JTH) = RNl(TSEEn) * LKLANS(KTH) + 1 
GO TO 2 1 4 9 
2 1 4 5 VTURN(JTH) = 3 
VLANE(JTH) = L K L A M S ( K T H ) 
2 1 4 9 IF(IFIX(VDSP(JTH)) - 5 4 ) 2 1 8 ] , 2 1 8 2 » 2 1 8 3 
2 1 8 1 V L K T I M ( J T H ) = CLOCK • (LKLNG ( K T H ) + V H O L D ( J T H ) 
1 + LFACT(?»VTURN(JTH)»1) - VDSP(JTH)) / VDSP(JTH) 
GO TO 2 2 5 0 
2 1 8 2 VLKTIM(JTH) = CLOCK • ( L K L N G ( K T H ) • V H O L D ( J T H ) 
1 + LFACT(?»VTURN(JTH)*2) - V D S P ( J T H ) ) / VOSP(JTH) 
GO TO 2 2 5 0 
2 1 8 3 V L K T I M ( J T H ) = CLOCK + ( L K L N G ( K T H ) • V H O L D ( J T H ) 
1 + LFACT(?»VTiJRN(JTH)»3) - VDSP(JTH>) / VDSP(JTH) 
C 
C FIND LEADER IN DESIRED LANE. 
C 
115 
2250 LANE = VLANE(jTH) 
J T H C H K = L K L A s T ( K T H , L A N E ) 
I F ( J T H C H K . E Q . 0) GO TO 2900 
ZS = ZSPACE(0.0»VAbP(jTH)*VPOS(JTHCHK)+VHOLO(JTH),VASP(JTHCHK)) 
C**«* W R I T E(6»5) J T H » J T H C H K ,ZS »VPOS(JTHCHK)* VASP(JTHCHK) 
Z = MlN(ZA»ZS) - VHOLO(JTH) 
IF(ZS .LT. ZA) VASP(JTH) = Z* 
IF(Z .LT. 0) GO TO 2950 
GO TO 2975 
C 
C ADVANCE ZA, NO OTHER VFHlCLE ON LINK. 
C 
2900 ZA = ZA - V H O L D ( J T H ) 
IF(ZA .LE. 0) GO TO 2950 
LKHOLD(KTH»INDEX) = 0 
VPOS(JTH) = ZA 
VASP(JTH) = 2*(ZA+VH0LD(JTH)) - VASP(jTH) 
L K L E A D ( K T H ' L A N E ) = JTH 
L K L A S T ( K T H » L A N E ) = JTH 
VHOLD(JTH) = 0 
C**«* W R I T E ( 6 » 2 ) J T H » K T H » V P o S ( J T H ) , V A S P ( J T H ) 
2 FORMATC V E H •»I4,» ON LINK *»I3,» MOVES T o POSITION »»F3.0, 
1 • SPEED = •,F4.1) 
GO TO 2999 
C 
C DONT MOVE FROM HOLDING AREA. 
C 
2950 VASP(JTH) = 0 
VHOLD(JTH) = n 
VPOS(JTH) = 0 
C**** w R I T E ( 6 » 3 ) JTH'KTH 
3 FORMAT(» VEH »,I<*,» STAYS IN HOLDING AREA ON LINK •,13) 
GO TO 2999 
C 
C ADVANCE TO 7. 
C 
2975 LKHOLD(KTH»INDEX) = 0 
LKLAST(KTHrLANE) = JTH 
VPOS(JTH) = Z 
VASP(JTH) = 2*(Z+VH0LD(JTH)) - VASP(JTH> 
VLdAD(JTH) = JTHCHK 
VHOLD(JTH) = 0 
VFOLOW(JTHCHK) = JTH 
C**«* W R I T E ( 6 # 4 ) J TH » K T H » V POS(JTH),JTHCHK 
4 FORMAT(» V E H '»I4»* ON L I N K «,I3,» MOVES TO POSITION »»F3.0, 
1 » BEHIND VEH 'fT<*> 
2999 IF(INDEX .NE. LKLANS(KTH)) GO TO 2001 
3000 CONTINUE 
RETURN 
E N D 
FUNCTION iBHOi D ( K T H ) 
C 
C THIS FUNCTION SEARCHES THE HOLDING AREA OF THE 
C KTH LINK. IF THERE IS AN EMPTY SPACE IN THE 
C HOLDING AREA, THE LANE INDEX IS RETURNED AS 
C THE VALUE OF THE FUNCTION. IF THE AREA IS FULL, 





C BRANCH BASED ON THE NUMRFR OF LANES. 
IBHOLD = 0 
IF(LKLANS(KTH) .Eo. 2) GO TO 1000 
C 
C SINGLE LANE» IF HOLDING AREA FULL THEN RETURN. 
IF(LKHOLD(KTH»1) .NE. 0) RETURN 
IBHOLD = 1 
RETURN 
C 
C TWO LANES - MUST CHECK R O T H HOLnlNG AREAS. 
C 
1000 IF(LKHOLD(KTH.1)..NE. 0) GO T O 1010 
IBHOLD = 1 
RETURN 
1010 IF(LKHOLD(KTH,2) .NE. 0) RETURN . 





C THIS SUBROUTINE READS CARDS FOR ALL NETWORK LINKS. 
C* AFTER ALL DATA CARDS H A V F BEEN READ* THE ROUTlNF 













C IF IT I S A RLANK CARD* GO TO 2000* 
I F ( A L P H A .EQ. 1H ) GO TO 2 0 0 o 
C 
C FIND NOnE NUMBER OF THE HEAD NOnE• 
C 
DO 1010 NTH=l»NUMNOS 
IF(N0IDN0(NTH) . E O . L K I D ( K T H , ? ) ) GO TO 1015 -
1010 CONTINUE 
CALL DUMP(0 »'INPLKS* ,*DOl0l0 .»l) 
1015 LKNOD(KTH)=NTH 
C 
C SET UP THE TURNING PROBABILITIES. 
C 
1060 L K P R 0 B ( K T H » 2 ) = L K P R 0 B ( K T H , 1 ) + L K P R 0 B ( K T H , 2 ) 
IF(LKPROB(KTH,2) .GE. 0.9985) L K P R 0 B ( K T H » 2 ) r 1.0 
GO TO 1000 
C 




IF(NUMLKS .GE. MAxLKS) CALL n i IMP(NUMLKS,»INPLKS',»MAvLKS»,1 ) 
SIGSTA(ITH,I 
SIGCLK(ITH»I 
GO TO 2100 
2005 SIGSTA(ITH,I 
SIGCLK(ITH,I 
GO TO 2100 
2010 SIGSTA(ITH»I 
SIGCLK(ITH»I 




TFMP - SIGCYC(ITH) 
0 
TFMP - SIGCYC(TTH) 
C F I N D LINK OPPOSING A LEFT TURN. 
C 
DO 2500 KTH=1.N U M L K S 
IF(LK0P0S(KTH) .EO. 0) GO TO 2^00 
DO 2400 KTH2 rl,N U M L K S 
IF(LKID(KTH2»2> , N £ . LKID(KTH»?)) GO TO 2400 
1F(LK0P0S(KTH) .EO. LKID(KTH2* 1)) GO TO 2450 
2400 CONTINUE 







C THIS SUBROUTINE READS DATA CARO<; ON INTERIOR 
C NODES ONLY. CONTROL IS P E T U R N E O TO THE CALLING 




ITH = 0 
1000 NTH = NTH + 1 
READ(5,101> A L P H A ,NOIDNO(NTH) , N O T Y P E ( NJTH) » (NONXT(NTH, T)»1=1•4> 
IF(ALPHA .EQ* 1H ) GO TO 3000 
C 
C IF NONSIGNAI I Z E D RETURN TO READING NEXT NODE. 
C 
IF(NOTYPE(NTH) .LF. 4) GO T o 1000 
C 
C SIGNALIZED INTERSECTIONS REOUIRF ADDITIONAL CARn* 
C 
ITH = ITH • 1 
NOblG(NTH) = ITH 
READ(5,102) ALPHA.KDUMrSlGCYC(lTH) tSIG0FF(ITH»1)»SlGGRN(lTHf1) • 
1 SIG0FF(ITH»2)»STGGRN<ITH»2) 
C 
C CALCULATE STATE CHANGE TTMES. 
C 
DO 2100 1 = 1,2 
S I G R E D ( I T H t I ) = STGCYC(ITH) - SlGGRN(TTH» I) - AMBERT 
TEMP = SIG0FF(1TH,I) + S I G G R N ( I T H , I ) 
IF(TEMP ,GT. SIGCYC(ITH)) GO TO 2010 
TEMP = TEMP • AMBFRT 




GO TO 1000 
3000 NUMNOS = NTH - 1 
IFINUMNOS .GE. MAxNO) CALL DUMP(NUMNOS'•INTERN•»'MAXMO • ,1) 
NUMSIG = ITH 
1F(NUMSIG .GE. MAXSIG) CALL DUMP(NUMSlG» • INTERN 1 » fMAYSIG f#l) 
RETURN 
C 




E M U 
SUBROUTINE LKMOVE 
C 




DIMENSION I A R M U , ? ) » L K E N D(3»2) 
DEFINE LSTOP(KTH,LANE) = LKSTOP(KTH»LANE) 
DATA IARM/4,l»2»3,2»3.4»l/ 
DATA LKEND / U0»3n,12,85»60»lp / 
INTEGER V T P,VT 
C**«* *PITE(6»1) 
1 FORMAT(• LKMOVE*) 
DO 1500 NTH=1»KUMNOS 
DO 1450 ITHARM = 1»4 
K T H = NOIN P ( N T H * ITHARM) 
I F ( K T H .EO. 0) G O TO 1500 
I S A - 1 
ZRuELT = 100. 
LENGTH = L K L N R ( K T H ) 
C 
C AN FXTERNAL NODF COULD MOT B E Bl OCKED 
C 
IF(NOTYPE(NTH> .LT. 3) GO TO ?00 
2B1 = 100. 
2B2 = 100. 
C 
C CHECK L F F T AND RIGHT APPROACHES. 
C 
DO 150 l=l»2 
INDEX = I ARM(lTHARM» I ) 
KTHCHK = NOINP(NTH»INDEX) 
ISrt = LKLANS(KTHCHK) 
JTHCHK = LKLEAU(KTHCHK'l) 
IF(JTHCHK .EO. 0) GO TO 100 
IF(VP0S(JTHCHK) .r,T. LKLNG ( K T H C H K ) • 1 > G O TO 155 
100 I F ( I S W . E O . 1) GO TO 150 
C 
C ..... CHECK NEXT I ANE. 
C 
J T H C H K = L K L E A U ( K T H C H K » 2 ) 
I F ( J T H C H K . E Q . 0) G O T O 150 
1 F ( V P 0 S ( J T H C H K ) . R ; T . L K L N G ( K T H C H K ) • 1 > G O T O 155 
150 C O N T I N U E : 
119 
60 TO 160 
340 Z S = Z S P A C E ( X » V » X P » V P ) 
400 Z A = Z A C C E L(VrVD) 
C 
C I S L I N K T A G G E D . 
C 
1 F ( L K T .EO. 0) GO T O 430 
C 
c C A N T H I S V E H I C L E S T O P W I T H I N D E C E L E R A T I O N L I M I T S . 
c 
DUM2 = 0.0 
DUM1 = Z D E C E L ( D U M?rLENGTH - X-l?.0»V) 
IF(DUM2 .GT. 12 .OR. DUM1 .LE. 0) GO TO 450 
LKT = 0 
LKTAG(KTH»LANE) = 0 
VTAG(JTH) = 1 
Z D = DUM1 
GO TO 500 
c A B L O C K A G E F X I S T S 
c 
155 ZBi = 1 . 0 
c 
C NOW CHECK LINK O P P O S E D 
C 
160 KTHCHK = LKOPoS(KTH) 
JTHCHK = LKLEAD(KTHCHK'l) 
IF(JTHCHK .EQ. 0) GO TO 170 
IF(VTURN(JTHCHK) .NE. 1) GO TO 170 
I F ( V P 0 S ( J T H C H K ) . L E . LKLNG(KTHCHK) + l + ISW*6) GO Tn 170 
ZB2 = 1 . 0 
170 ZBDELT = MlN(7Bl#7B2> 
200 LANES = LKLANS(KTH) 
DO 1400 LANE = l»l ANES 
LKT = LKTAG(KTH»LANE) 
C 
C FIND LEADER. 
C 
JTH = LKLEAD(KTHrLANE) 
IF(JTH .EQ. 0) GO TO 1400 
JTHP = JTH 
300 X = VPOS(JTH) 
V = VASP(JTH) 
VD = V D S P ( J T H ) 
VT - VTURN(JTH) 
ZA = 100. 
ZB = 100. 
ZD = 100. 
Z S = 100. 
ZT = 100. 
IF(JTH . N E . JTHP) GO TO 330 
310 IF(ZBDELT .GE. l O n . ) GO TO 400 
ZB = ZDECEL(DUM»ZRDELT + LENGTH - X » V ) 
GO TO 400 
330 I F ( V T P .NE. 1) Go T O 340 




C I S V E H I C L E T A G G E D 
C 
4 3 0 I F ( V T A G ( J T H ) . E Q . 0 ) G O T O 4 5 0 
C 
C H A S S I G N A L C H A N G E D B A C K T O G R E E N . 
C 
I T H = N O S I G ( N T H ) 
I I = 2 - M O D ( J T H A R M . 2 ) 
I F ( S I G S T A ( I T H , I I ) . N E . 0 ) G O T O 4 3 5 
VTAG(JTH) = 0 
GO TO 4 5 0 
4 3 5 ZD = Z D E C E L ( D U M 2 r | E N G T H - X - 1 2 . n » V ) 
GO TO 5 0 0 
C 
C . . . . . . TURNING RESTRICTION 
C 
4 5 0 I F ( V T . E Q . 2 ) G O T O 5 0 0 
C * * « * W R I T E < 6 , 7 ) 
7 F O R M A T ( • T U P N I N G R E S T R I C T I O N . • ) 
I F ( X . L T . L E N G T H - 1 7 5 ) GO T O 5 0 0 
T P - L E N G T H + 1 
I F ( V T . E Q . 1 ) T P = T P + 6 * l S w 
Z T = Z T U R N ( X , V , T P » M Z T ' V T R N E W ) 
C 
C . . . . . MOVE L I M I T . 
C 
5 0 0 Z = > M l N ( Z A » Z B , Z D r 7 S r Z T ) 
C * * * * W R I T E ( 6 , 5 ) Z A , Z B , 7 D , Z S » Z T 
5 F O R M A T ( * Z A , Z B , 7 D » Z S » Z T : , , 5 F 6 . 1 ) 
I F ( Z . L T . 0 ) Z = 0 
XNLW = X + Z 
C * * * * W R i T E < 6 , l n ) V T * N O T Y P E ( N T H ) 
1 0 F O R M A T ( • V T A N D N O T Y P E • , 2 1 4 ) 
I F ( N O T Y P E ( N T H ) . L T . 3 ) G O TO 9 7 4 
I F ( V T - 2 ) 6 0 0 , 7 0 0 , 8 0 0 
C 
C L E F T T U R N V F H I C L E S . 
C 
6 0 0 T P = L E N G T H + 1 + 6 * ISW 
C * * * * W R I T E < 6 , 9 ) X N F W , T P , V A C C < J T H ) 
9 F O R M A T ( » L E F T T U R N X N E W • T P , V A C C ( J T H ) I ' » 2 F 6 . 1 , I 3 ) 
I F C X N E W . L T . T P ) GO T O 1 0 0 0 
I F ( V A C C ( J T H ) .NE . 0 ) GO T O 6 1 0 
I F I J T H P .NE. J T H . A N D . V T P . E o . 1 ) GO T O 9 0 0 
C 
C T E S T G A P A N D H O L D I N G A R F A . 
C 
C A L L G A P C H K ( L K O P O S ( K T H ) » K O U T , N O S I G ( N T H ) * 2 ~ M 0 D ( I T H A R M » 0 ) ) 
C * * * * W R I T E ( 6 , 8 ) K O U T 
8 F O R M A T ( » G A P C H K O U T = » > I 2 ) 
I F ( K O U T . E Q . 1 ) G O T O 9 0 0 
I F ( I B H 0 L D ( L K D E S T ( K T H , 1 ) > * E O . 0 ) G O T O 9 0 0 
c 
c S T A R T P R O C E S S I N G T H R O U G H L E F T T U R N . 
V A C C ( J T H ) = 4 
1 F ( M Z T . E Q . 2 ) G O T O 9 7 0 
c 
121 
60 TO 620 
INDEX = IBH0LD(KTHCHK) 
GO TO 950 
C 
C RIGHT TURN VEHICLES-
C 
800 TP = LENGTH + 1 
IF(XNEW . L E . TP) GO TO 1000 
I F ( IBH0LD(LKDEST(KTH,3) ) «EQ. f)) GO TO 900 
IF(MZT .EO. 2) GO TO 970 
DIST = XNEW - LENGTH - LKEND(^.ISW) 
I F ( D I S T . L T . n) GO TO 1000 
KTHCHK = LKDEST(KTH»3) 
INDEX = IBHOLD(KTHCHK) 
GO TO 950 
C 
C STOP VEHICLF. 
C 
900 XNEW = TP 
GO TO 1000 
C 
C . . . . . VEHICLE IS GOING TO A NFW L I N K . 
C 
950 J T H P = V F O L O W ( J T H ) 
CALL HOLDIN ( J T H fKT H »KT H C H K » I N D E X * X N E W - X - D I S T ) 
IF (JTHP .EQ. 0) GO To 1400 
JTH = JTHP 
GO TO 300 
C PAST TURNING POINT AND ACCELERATING. 
C 
610 IF(VACC(JTH) . N E . 1) V A C C ( J T H ) = VACC(JTH) - 1 
620 VNEW = V + 5 + (VACC(jTH) - 1) 
IF(VNEW .GT. VD) VNEW = VD 
Z A = 0 . 5 * (V + VNEW) 
XNEW = X + ZA 
DIST = XNFW - LENGTH - LKEND( i . ISW) 
I F ( D I S T . L T . n) GO TO 1000 
VACC(JTH) = 0 
KTHCHK = LKDEST(KTH#1) 
INDEX = IRHOLD(KTHCHK) 
60 TO 950 
C 
C STRAIGHT TRAFFIC. 
C 
700 IF(XNEW . L T . LENGTH) GO TO lOOO 
KTHCHK = LKDEST(KTH»2) 
IF(IBHDLD(KTHCHK) .NE . 0) GO TO 730 
JTHCHK = LKHOLD(KTHCHK'1) 
DUM1 = VASP(JTHCHK) - VHOLD(JTHCHK) + LENGTH • LKEND(?»ISw) 
ZS = ZSPACE(X,V»DHM1,VASP(JTHCHK)) 
XNEW = MlN(XNEWfX + ZS) 
IF(XNEW . L T . X ) XNEW = X 
GO TO 1000 
730 DIST = XNEW - LENGTH - LKEND(?,ISW> 




C L E F T T U R N I N G AND F L A G F R O M Z T U R N IS O N . 
C 
970 I F ( Z . N E . Z T > Go T O 1000 
V A S P ( J T H ) = V T R N E * 
V P O S ( J T H ) = X N E W 
G O T O 1010 
C 
C A P P R O A C H I N G E X T E R N A L N O D E . 
974 I F C X N E W . L T . L E N G T H ) G O To lOOO 
C A L L T E R M I N C J T H » K T H , L A N E . J T H P ) 
J T H = J T H P 
I F ( J T H . E O . 0) G O T O 1400 
G O T O 300 
C 
C MOVE D E S I R E O D I S T A N C E . 
C 
1000 V P O S ( J T H ) - X N E W 
VNEW = 2 . 0 * ( X N E W - X ) - V 
I F ( V N E W . G E . 4 . 0 . O R . V A S P ( J T H ) . L E . 4 . 0 ) G O T O 1005 
L S T O P ( V L K ( J T H ) f V L A N E ( J T H ) ) = L S T O P ( V L K ( J T H ) • V L A N E ( J T H ) ) + 1 
1005 V A S P ( J T H ) = VNEW 
I F ( V A S P ( J T H ) . L T . 0) V A S P ( J T H ) = 0 .0 
C * * * * W R I T E(6 » 2 ) J T H » K T H » L A N E » V P O S ( J T H ) » V A S P ( J T H ) » V T 
2 F O R M A T ( • V E H .»I4.» ON L I N K » » I 3 » I 2 . » P O S * »F5.0 »* A S P »F5.1» 
1 » V T U R N » » I 2 ) 
1010 J T H P = J T H 
C * * * * W R I T E(6 » 2 ) J T H » K T H » L A M E » V P O S ( J T H ) » V A S P ( J T H ) » V T 
J T H = V F O L O W ( J T H P ) 
I F ( J T H .EO. 0) GO TO 1400 
V P = V A S P ( J T H P ) 
X P = V P O S ( J T H P ) 
V T P = V T 
G D T O 300 
C 




C E N D O F A R M C H E C K 
C 
1450 C O N T I N U E 
C 
C E N D OF N O D E C H E C K . 
C -
1500 C O N T I N U E 
R E T U R N 
E N D 
F U N C T I O N P N l ( T S E E D ) 
C 
C T H I S F U N C T I O N G E N E R A T E S U N I F O R M L Y D I S T R I B U T E D 
C RANDOM N U M B E R S RETwEEN 0 A N D 1 
C 
I S E E D = I S E E D * l f t 5 3 3 3 
I F U S E E D . L T . 0) l S E E n = I S E E D + 3 4 3 5 9 7 3 8 * 6 7 + l 
R N l = l S E E D * 2 . 0 * * ( - 3 5 ) 





NOPARS(NTH»D = 3600. / NOPARs(NTH-1) 
DO 1001 i n , m o 
1001 A = RN1(ISEED) 
NOSEED(NTH) = ISEFD 
NOCLK(NTH) = TBAGFN(NTH) 
C**** WPITE(6rl) NTH»NOCLK(NTH) 
1 FORMAT(• SETUP! NTH =»»I2» f NOCLK =',F7.2) 
C 
C FIND LINK TO PUT VEHICLFS ON. 
C 
DO 1100 KTH=1,NUMLKS 
IF(NONXT(NTH»l) . F U . LKIDCKTH,?) .AND. NOlDNO(NTH) .Eft. L K I D ( K T H » 1 
1)) GO TO 1110 
1100 CONTINUE 
CALL DUMP(NTH,»SETUP »»•DOllOO••1) 
1110 NOOUTP(NTH) = KTH 
C 
C IF GENERATE ONLY SKIP To NEXT NODE. 
C 
IF(NOTYPE(NTH) .Eft. 1) GO TO 21OO 
C 
C FIND INDEX TO. LINK POINTING AT THIS NODE. 
^300 CONTINUE 
DO 1350 K T H = 1 .N U M L K S 
I F(NONXT ( N T H»l) . F Q . LKIDUTH,!) .AND. NOlDNO(NTH) »EO. L K I D ( K T H » 2 
1)) GO T O 1360 
1350 CONTINUE 
CALL DUMP(NTH,»SETUP »»'DO1350•»1) 
1360 NOINP(f4TH,l) = KTH 
GO TO 2100 
C ..... INTERNAL NODES 
C 
1500 CONTINUE 
ITH = NOSIG(NTH) 
IDNTH = NOlDNO(NTH) 
C 
C TAKE EACH LINK AND SEE IF IT IS CONNECTED TO T H T S 
C NODE. 
C 
C T H I S S U B R O U T I N E D O E S T H E F I N A L S E T U P O N A L L D A T * 
C F I L E S B F F O R F T H F S I M U L A T I O N B E G I N S . 
C 
I N C L U D E D E F I N S 
C 
C F O R E A C H N O D E 
C 
DO 2100 N T H=1,N UMN0S 
I F ( N O T Y P E ( N T H ) . G T . 2) G O T O 1500 
I F ( N O T Y P E ( N T H ) . E O . 2) G O T O 2100 
C 
C G E N E R A T E N O D E S * S E T T I M E O F F I R S T A R R I V A L . 
C 
DO 1600 KTH=1»NUMLKS 
C 
DO 1520 1 = 1,4 
iF(LKlDCKTHrl) .EO. NONXT(NTH,I)) GO TO 1525 
1520 CONTINUE 
CALL DUMP(NTH,'SETUP •»•D01520•* 1> 
1525 NOINP(NTH,I) = KTH 
IF (ITH .NE. 0) STGINPdTH,I) = KTH 
1600 CONTINUE 
C 
C SETUP SIGNAL LINKS. 
C 
ITH = NOSIG(NTH) 
DO 2000 1=1,4 




C FOR EACH LINK FIND THE DESTINATIONS AND SET FLAcS. 
C 
DO 3000 KTH=1,NUMLKS 
LKTAG(KTH»1) = 1 
LKTAG(KTH,2) = 1 
DO 2500 I = l»3 
IF(LKDEST(KTH,I) .EQ. 0) GO TO 2500 
DO 2400 KTHCHK=1»NUMLKS 
IF(LKID(KTHCHK »2) .NE. LKDEST(kTH»I>> GO TO 2400 
IF(LKID(KTHCHK*1) .NE. LKlD(KTH»2>) GO TO 2400 
LKDEST(KTH»I) = KTHCHK 
GO TO 2500 
2400 CONTINUE 






C T H I S S U B R O U T I N E C H E C K S S I G N A L S F T T I N G S T O S E E I F 
C A C H A N G E I N S T A T E I S N E C F S S A R Y . 
C P O S S I B L E S T A T E S A R E ! 
C 0 - G R E E N 
C 1 - A M B E R 
C 2 - RED 
C 
. I N C L U D E D E F I N S 
DO 2000 I T H = 1 » N U M S I G 
DO 1000 1=1,2 
C 
c C H E C K C L O C K F I R S T 
c 
I F ( S I G C L K ( I T H , I ) . G T . C L O C K ) GO TO InOO 
C CHECK FOR I N P U T TO THIS NODE. 
C 
I F ( L K I D ( K T H , 2 ) . N F . IDNTH> GO TO 1600 
C 
C OK» NOW F l N n OUT WHERE TT CAME FROM. 
C 
C B R A N C H R A S E D ON O L D S T A T F . 
C 
I F ( S I G S T A ( I T H » I ) - 1 ) ' lnO»500»7on 
C 
C O L D S T A T E WAS G R E E N * 
C 
100 S I G S T A ( I T H » I > = 1 
S I 6 C L K ( I T H » I > = S T G C L K ( I T H . I ) + A M B E R T 
C 
C T A G I N P U T S T O T H I S S I G N A L . 
C 
K T H = S I G I N P ( T T H . I ) 
L K T A G ( K T H . l ) = 1 
I F ( L K L A N S ( K T H ) . G T . 1) L K T A G ( K T H » 2 > = 1 
K T H = S I G I N P ( T T H » I + 2 ) 
L K T A G ( K T H » 1 ) = 1 
I F ( L K L A N S ( K T H ) . G T . 1) L K T A G ( K T H » 2 ) = 1 
C 
C S K I P O U T T O N E X T S I G N A L . 
C 
G O T O 2000 
C 
C O L D S T A T E WAS A M B E R . 
C 
500 S I G S T A ( I T H » I > = 2 
S I G C L K ( I T H » I ) = S T G C L K ( I T H » I > + S I G R E D ( I T H » I ) 
G O T O 1000 
C 
C O L D S T A T E WAS R E D . 
C 
700 S I G S T A ( I T H » I ) = 0 
S I G C L K ( I T H » D = S I G C L K ( I T H » I ) + S I G G R M ( I T H , I ) 
C 
C NOW C H E C K L E N G T H O F Q U E U E S F O R I N P U T S W H I C H T U R m E D . 
C 
K T H = S I G I N P ( I T H , I ) 
C 
C C H E C K F I R S T L A N E . 
C 
L K T A G ( K T H , 1 ) = 0 
J T H = L K L A S T ( K T H , 1 ) 
I F ( J T H . E Q . 0) GO TO 750 
710 I F ( V A S P ( J T H ) . L E . 4 . 0 ) G O T O 740 
J T H = V L E A D ( J T H ) -
I F ( J T H . E O . 0) GO T O 750 
G O T O 710 
740 L Q = 1 
741 J T H = V L E A D ( J T H ) 
I F ( J T H . E Q . 0) Go T O 745 
L Q = L Q + 1 
G O T O 741 
745 I . F ( L Q . G T . L K M A X Q ( K T H , 1 > > L K M A X G ( K T H , 1 > = L Q 
750 I F ( L K L A N S ( K T H ) . E O . 1) G O T O flOO 
C 
C C H E C K S E C O N D L A N E . 
126 
LKTAG(KTHr2) = 0 
JTH = LKLASTUTHr?) 
IF(JTH .EO. 0) 60 TO 800 
760 IF(VASP(JTH> .LE. 4.0) GO TO 790 
JTH = VLEAD(JTH) 
IF(JTH .EO. 0) G O TO 800 
GO TO 760 
790 LQ = 1 
791 JTH = VLEAD(JTH) 
IFCJTH .EO. 0) G o TO 795 
LQ = LQ • 1 
GO TO 791 
795 IF(LQ .GT. LKMAXQ(KTH,2)) LKMAXQ(KTH,2> = L Q 
C 
C ..... NOW CHECK NEXT INPUT LINK. 
C 
800 KTH = SlGINP(TTH,T+2> 
C 
C CHECK FIRST LANE-
C 
LKTAG(KTHr1) = 0 
JTH = LKLAST(KTHr1) 
IF(JTH . E O . 0) G O TO 850 
810 IF(VASP(JTH) .LE. 4.0) GO TO R40 
JTH - VLEAD(JTH) 
IF(JTH . E Q . 0) G O TO 850 
GO TO 810 
840 LQ = 1 
841 JTH = VLEAD(JTH) 
IF(JTH . E O . 0) GO TO 845 
LQ = LQ • 1 
GO TO 841 
845 IF (LQ .GT. L K r v A X O (KTH»1) ) LKMAXQ (KTH, 1 > = LQ 
850 IF(LKLANS(KTH) . E Q . 1) GO TO 1000 
C 
C CHECK SECOND L A N E . 
C 
LKTAG(KTH, 2) - 0 
JTH = LKLAST(KTH,?) 
IF(JTH .EO. 0) G O TO 1000 
860 IF(VASP(JTH) . L E . 4.0) GO TO fl90 
JTH - VLEAD(JTH) 
I F U T H . E O . 0) G o TO 1000 
GO TO 860 
890 LO = 1 
891 JTH = VLEAD(JTH) 
I F U T H .EQ. 0) GO TO 895 
LQ = LQ + 1 
GO TO 891 
895 IF(LQ .GT. LKMAXQ(KTH,2)) LKMAXQ(KTH»2> = L Q 




C**** WRITE(6,1) CLOCK,((SlGCLK(I•I?)»SIGSTA(I»12),12=1,2)» T=1»NUMSIG) 
1 FOKMAT(//,» CLOCK , » l 6 ' f SlGCLK»SIGSTA W 
1 ,16(16,12)) 
1.27 
R E T U R N 
END 
FUNCTION S P D D l S ( I s E E D ) 
DIMENSION ARY(4> 
DATA ARY / - 1 . , 0.07» 0.97, l . n / 
X=RN1(ISEED) 
DO 100 I=2»4 
IF(ARY(I) .GE. X) GO TO 200 
100 CONTINUE 
200 SPDDIS = I * 18.0 
RETURN 
END 
SUBROUTINE S T A T ( K ) 
C 
C ..... THIS SUP.ROUTINE CLEARS THE STATISTICS AFTER WARuUP 




C IF FINISH* GO T o 1000 
C 
IF(K .EO. 2) GO TO 1000 
DO 200 KTH - 1»NUMLKS 
DO 100 1=1,2 
LKMAXQ(KTH * I) = 0 
LKSTOP(KTH»D = 0 
LKDEL(KTH,I) = 0 
100 LKVL(KTH,I) = 0 
DO 200 1=1,3 
LKDELD(KTH»D = 0 
200 LKVD(KTH,I) = 0 
RETURN 
C 
C PRINT THE S T A T I S T I C S I N T H I S S E C T I O N . 
c 
1000 TOTIM = FINISH - w A R M u P 
WRITE(6,1) 
1 F0RMAT(1H1»21X» ,VFHICLE COUNT » ,15X» •VFHlCLE VOLUME'»2l X, 
1 'VEHICLE DELAY',14X,'DELAY P FR VEHICLE'»/»' LINK LANES •» 
2 'LANE 1 LANE P TOTAL LANE 1 L A N E 2 TOTAL'» 
3 12X»'LANE 1 L A N E 2 TOTAL I ANE 1 LANE 2 TOTAL'»/> 
DO 1100 KTH=1 ,NUM|. KS 
LKVTOT = LKVL(KTH,1) + LKVL(KTH»2> 
LKVOLl = LKVL(KTH,1) * 3600 / TOTIM 
LKVOL2 = LKVL(KTH,2) * 3600 / TOTIM 
LKVOLT = LKVOLl + LKV0L2 
LKDELT = L K Q E L ( K T H » D + L K D E L ( K T H » 2 > 
UELVLl = L K D E L ( K T H » D / FLOAT( I KVL(KTH,1>> 
D E L V L 2 = L K O E L ( K T H , 2) / FLOAT(LKVL(KTH»2)) 
DELVLT = LKDELT / FLOAT(LKVL(KTH,1) + LKVL(KTH,2>> 
1100 WRITE(b»2) KTH»LKLANS(KTH>»LKVL(KTH,1),LKVL(KTH»2),LKVTOT, 
1 L K V0L1»L K V O L2»LKV O LT » L K D E L (KTH»1),LKDEL<KTH»2> ,LKDELTr 
2 DELVL1»nELVL2»DFLVLT 
2 F O R M A T ( I t t , H x » I2»2(1X»3I9) »9X,^i9,2X»3F9«2> 
WRITE<6,3> 
3 F0RMAT(///,14X»'VFHICLE STOPS•,1IX,•MAX QUEUES'»14X»'TURNS'» 
1 2 0 X » ' T U R N DFLAY • * l < + x • ' TURN DFLAY P E R VEHICLE'»/» 
128 
2 • LINK L A N E 1 LANE 2 TOTAL LANE 1 LANE 2 L E F T ' * 
3 » STRAIGHT RIGHT LEFT STRAIGHT RIGHT LEFT»» 
4 » STRAIGHT RIGHT*• /> 
DO.1200 KTH=1.NUMLKS 
LKSTOT = LKSTnP(KTH.l) + LKST0P(KTH»2) 
DELVL1 = LKDELD(KTH»1) / LKVD(KTHrl) 
DELVL2 = LKDEi D ( K T Hr2 ) / LKVD(KTHr 2 ) 
DELVL3 = LKDEl D(KTH•3) / LKVD(KTH»3) 
1200 WRITE(6-4) K T H r L K S T O P ( K T H r 1 ) » L K S T 0 P ( K T H » 2 ) » L K S T O T , L K M A X Q ( K T H » 1 ) » 
1 LKMAXQ(KTHr?) • (LKVD(KTH' I ) •1 = 1 * 3 ) • ( | K D E L D ( K T H » I ) , I = 1»3> r 
2 DELVL1»DELVL2»DFLVL3 
4 F 0 K M A T ( I 4 , 3 ( I 7 » 2 X )»6X , I 2 » 7 X » I 2 , 2 X » 3 ( 3 X » I 5 ) , 2 ( 4 X » I 6 ) » 3 X»I6, 
1 2X,3F9 .2 ) 
3 F 0 R M A T ( / / , 2 3 H INTERSECTION ID NUMBERr14»/»12H0INPUT LlNKSr6Xr 
1 ' 14HVEHICLE VOLi iME* 1 OXr9HMAX QUEUE r 1lXr13HVEHICLE DFLAY,12X» 
\ 2 17HDELAY PER VEHICLEr/r14X,?2HLANE 1 LANE 2 TOTAL*4x» 
' 3 14HLANE 1 LANF 2r2 < **X * 22HLANE 1 I ANE 2 T O T A L ) * / ) 
6 F 0 R M A T ( I 7 , 4 X » ? I 8 . I 9 . 2 I 8 » 3 X . 2 I R , I 9 » 2 X , ? F 8 . 2 . F 9 . 2 ) 
7 FORMAT 130X»6H »64X»6H - » / » 2 1 H TOTAL INTERSECTION r 
1 8HV0LUME = ,I7»23X,40HAVERAGE INTERSECTION DELAY PFR VEHICLE = r 
2 F 7 . 2 ) 
8 F 0 R M A T ( / / / / / » 3 2 H AVERAGE LINK nELAY FOR SYSTEM = F7.2) 
9 FORMAT(29H1INTERSECTION OUTPUT SUMMARY.) 
WRITE(6 ,9) 
NTOT = 0 
NDTOJ = 0 
DO 1275 NTH=l.NUMNOS 
IF(NOTYPE(NTH) . L T . 3) GO TO 1275 
NlNT = 0 
NDEL = 0 
WRITE(6»5) NOlDNO(NTH) 
ITH = NOSIG(NTH) 
DO 1250 I I = 1 » 4 
K T H = S I G I N P ( T T H » T l ) 
LKVTOT = LKVL(KTH•1) + LKVL(KTH»2) 
NlNT = NINT + LKVTOT 
LKOELT = LKDEl. (KTH* 1) • L K D E L ( K T H » 2 ) 
NDEL = NDEL • LKDFLT 
DELVL1 = LKDEl. (KTHr1) / FLOAT(L K V L ( K T Hr1 > > 
DELVL2 = LKDEl (KTH»2) / FLOAT(LKVL(KTHr2) ) 
DELVLT = LKDEl.T / FLOAT (LKVTOT) 
1250 WRITE(6r6) K T H » L K V L ( K T H » 1 ) » L K V L ( K T H » 2 ) » L K V T O TrL K M A X Q ( K T H •1)* . 
1 LKMAXQ(KTHr2)rLKDEL(KTHr11,LKDEL(KTHr2)rLKDELTr 
2 DELVL1rDELVL2rDELVLT 
NTOT = NTOT + NlNT 
NDTOT = NDTOT + NnEL 
DEL = NDEL / F L O A T ( N I N T ) 
WRITE(6r7) NlNTrDFL 
1275 CONTINUE 
DEL = NDTOT / FLOAT(NTOT) 
wRITE(6r8) DEL 
RETURN 
E N D 
SUBROUTINE S T A T A ( I ) 
C 
C PERIOD RY PERIOn OUTPUT GENERATOR- LKSOUT IS AN ARRAY 




DIMENSION LKSoUT(u) ,N1(4) ,AVGl(4) r X H u ) » L 1 ( 4 ) , L L 1 U ) r L S l U ) , L R l U ) 
1 rDELlU) rNLK4) »NS1 (4) »NRl(u) ,DELY1 (4) 
DATA LKSOUT / I , 5 r 0 r 0 / 
PARAMETER N=2 
GO TO ( 1 0 » 2 0 ) r l 
10 CONTINUE 
O * * * w R I T E ( 6 » 4 ) 
DO 15 II=1»N 
L 1 ( I D = 0 
D E L 1 ( I I ) = 0 
LL1(II )=0 
L S 1 ( I I ) = 0 
15 LR1(II )=0 
RETURN 
C**** kvRITE<6rl) CLOCKrNUMVFH 
20 CONTINUE 
DO 30 11=1»N 
MM - LKSOUT(II) 
LIP = LKVL(MMrl) + LKVL(MM,2) 
N l ( I I ) = L 1 P - L l ( I I ) 
LKII>=L1P 
N L 1 ( 1 1 ) = L KVD(M M r 1 ) - L L 1 ( 1 1 > 
LL1(II)=LKVD(MM»1) 
N S l ( I I ) = L K V D ( M M » 2 ) - L S 1 ( I D 
LS1.(II)=LKVD(MM»2) 
NRl(11)=LKVD(MMr3)-LR1(11> 
L R K H ) = L K V D ( M M r 3 ) 
IDELP = LKDEL(MM H ) + LKDEL(MM»2) 
DELY1(11)=IDELP-DFL1(11) 
DEL1(II)=IDELP 
A V G 1 ( I I ) = D E L Y l ( I I ) / N l ( I I ) 
Xl (ID=IDELP /FL0AT(L1P) 
C**** WRITE(6»2) L1P»(LKVD(MM»J)»J=l,3)r 
C****l IDELP r XI ( I I ) »N1(II) »NLKH) , N S 1 ( I I ) »NRl (11) »AVG1 ( I I ) 
30 CONTINUE 
PUNCH 3»CL0CKrNUMVEH» ( ( N K I I ) ,AVGKII) » X K l I ) ) rII = lrN) 
RETURN 
1 F0RMAT(/»9H CLOCK = rl7»13H NUMVEH = »l7> 
2 FORMAT(10X»16»315»18»F10 .2»IInr3I5»FB.2> 
3 F0KMAT(I7»I5-U(I5»2F6.1>) 
4 FORMAT(1H1»l2XrlO^CUMULATlVE,iflX»7HCUf?RENT,7X»11HLAST PERIODr/» 
1 13X»25HV0L LF ST RT DFLAY»7X»3HM0E»7X» 
2 25HV0L LF ST RT DEL/V) 
END 
FUNCTION TBAGEN(NTH) 
I N C L U D E D E F I N S 
T B A G E N = - A L 0 G ( R N 1 ( N O S E E D ( N T H ) ) ) * N O P A R S ( N T H - I ) 
R E T U R N 
E N D 





THIS FUNCTION GENERATES THE TIME BETWEEN ARRIVALS 
AT THE NTH NODE. AN EXPONENTIAL TIME BETWEEN 




C C O U L D G A T H E R S O M E S T A T I S T I C S I F D E S I R E D . 
C 
R E T U R N 
E N D 
S U B R O U T I N E V E G E N 
C 
C . . . . . T H I S S U B R O U T I N E C H E C K S T H E C L O C K A T E A C H G E N E R A T E 
C N O D E T O S E E I F I T I S T I M F TO G E N E R A T E A N O T H E R 
C V E H I C L E . 
C 
INCLUDE DEFINS 
C**** W R I T E ( 6 » 1 ) 
1 FORMAT(• VEGEN SURROUTlNE••) 
DO 2 0 0 0 NTH=l.NUMNOS 
IF(NOTYPE(NTH) .GT. 1 ) GO To ? 0 0 0 
c 
C CHECK T O SEE IF READY FOR ANOTHFR VEHICLE 
C 
. 1 0 0 0 IF (CLOCK .LT. N O C L K ( N T H ) ) GO TO 2 0 0 0 
c 
C FIND OUT IF HOLDING AREA IS AVAILABLE. 
KTH = NOOUTP(NTH) 
INDEX = IRHOLD(KTH) 
IF(INDEX .EQ. 0 ) GO TO 2 0 0 0 
C 
C HOLDING AREA READY. FIND AN AVAILABLE VEHICLE. 
C 
• 1 1 0 5 CONTINUE 
DO 1 1 1 0 JTHrl.MAXVEH 
IF(VDSP(JTH) .LE. 0 ) GO TO ll?l 
1 1 1 0 CONTINUE 
CALL DUMP(0•* VEGEN •»'MAXVEH* , ? 7 ) 
C 
C NOW FILL IN HIS PARAMETERS. 
C T H I S S U B R O U T I N E T E R M I N A T F S V E H I C L E S T H A T A R E 
C L E A V I N G T H E N E T W O R K • 
C 
I N C L U D E D E F I N S 
C 
C F I R S T WORK O N L I N K . 
J T H C H K = V F O L O W ( J T H ) 
L K L E A D ( K T H ' L A N E ) z J T H C H K 
I F ( J T H C H K . N E . 0 ) V L F A D ( J T H C H K ) = 0 
I F ( J T H C H K . E Q . 0 ) L K L A S T ( K T H , | A N E ) = 0 
C 
C N E X T Z E R O D F S I R F D S P E E D A N D L I N K N U M B E R . 
V D S P ( J T H ) = 0 
V L K ( J T H ) = 0 
V T U R N ( J T H ) = 0 
V A S P ( J T H ) = 0 
V F O L O W ( J T H ) - 0 
N U M V E H = N U M V F H - 1 
C**** wRITE<6»l) J T H » K T H » J T H C H K 
1 F O R M A T ( • T E R M I N A T E V E H I C L E F R O M L I N K • 113.»VNFXT » » I 3 ) 
C 
1121 VDSP(JTH) = S P D D I S U S F E D ) 
VASP(JTH) = VnSP(.)TH) 
NUMVEH = NUMVFH + 1 
C 
C COMPUTE TIME OF NEXT ARRIVAL 
C 
NOCLK(NTH) = NOCLK(NTH) + TBAGFN(NTH) 
C 
C READY FOR ANOTHER. 
C 






C ACCELERATION RESTRICTION CALCULATION. 
C 
PARAMETER ABAR = U ' 
VNEW = V + ABAR 
IFIVNEW .GT. VMAX) VNEW = VMAX 





C STOPPING RESTRICTION. 
C 
PARAMETER DBAR = ft 
IF(XGAP .LE. 0) GO TO 15 
DTEST = V**2 / (2.0*XGAP) 
IF(DTEST .GE. DBAR). GO TO 30 
15 ZDECEL = XGAP 
RETURN 
30 R = 0.0625*DTEST**2 - 0.25*DTEST*V + n•5*DTEST*XGAP 
IF(R .GT. 0) GO TO 35 
R = 0 
GO TO 40 
35 R = SQRT(R) 





C SPACING RESTRICTION CALCULATIONS. 
C 
PARAMETER DBAR = ft 
PARAMETER PMlN = ?2 
C 
C BRANCH ON CASE TYPE. 
C PLACE VEHICLE I N HOLDING AREA 
C 
C**** W R I T E ( 6 , 2 ) J T H » N T H»VDSPtJTH) 




I F ( V . L E . V P ) GO T O 3 0 
C 
1F(R .GT. 0 ) GO TO 15 
R = 0 
GO TO 2 0 
15 R = SQRT(R) 
2 0 ZSPACE = .5*(V+VP) - ,75*DBAR + R 
RETURN 
C 
C CASE II. 
C 





C T H I S F U N C T I O N C O M P U T E S T H E D E S I R E D MOVE T H A T 
C WOULD B E R E Q U I R E D T O SLOW T O T H f T U R N I N G S P E E D 
C BY T H E T U R N I N G P O I N T . 
C 
P A R A M E T E R D B A R = * 
P A R A M E T E R VMAX = 1 2 
P A R A M E T E R A B A R = 3 
M Z T = 1 
B = T P - X 
I F ( B . L E . 0 ) GO T O 4 0 
R = D B A R * * 2 / l f > . + V M A X * * 2 * 0 . ? s - D B A R * V * 0 . 2 5 + 0 . 5 * D O A R * B 
I F ( R . L F . 0 ) G O T O 2 0 
R = S Q R T ( R ) 
G O T O 2 5 
2 0 R = 0 
2 5 Z T U R N = 0 . 5 * V - 0 . 2 5 * D B A R + R 
I F ( Z T U R N . L E . B ) GO T O 5 0 
C 
C V E H I C L E P A S S E D T H E T U R N I N G P O I N T . 
C 
V M X T P = S Q R T ( V * * 2 + 2 * A B A R * B ) 
I F C V M X T P - 1 5 . 0 ) « 4 U , 4 0 ' 3 0 
C 
C C O M P U T E R E V T S E D Z T U R N A n o S P E C I A L V . 
C 
3 0 B T = 1 . 0 - ( B + R ) / ( V + 1 5 . 0 ) 
Z T U R N = B + 1 5 . 0 * R T • 1 . 5*BT#*p 
V T R N E W = 1 5 . 0 • 3 . 0 * B T 
M Z T = 2 
R E T U R N 
4 0 Z T U R N = 1 0 0 . 0 
5 0 R E T U R N 
E N D 
C CASE I. 
C 
10 R = 9 * D B A R * * 2 / 1 6 - DBAR*V / 4 .n - . 7 5 * n B A R*VP • DBAR*(vP-X-PMIN ) /2 . 
133 
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D E F I N S P R O C E D U R E 
C 




COMMON /NODES/ NOTONO(MAXNO) •NOTYPE(MAXNO)• NONXT(MAXNO•4)* 
1 N0PARS(MAXNO»2),NOGFOM(MAXNO)•NOINP(MAXNO•4)•NOOUTP(MAXNO)• 
2 N O S E E D ( M A X N o ) » N O F S T R ( M A X N O ) , N O S I G ( M A X N O ) • N O C L K ( M A X N o ) » N u M N O S 
C 
c S E T U P F O R S T G N A L S . 
c 
PARAMETER MAXSlG=?0 
INTEGER AMBERT»SlGCLK.SlGCYC , s TGGRN,STGlNP,SlGOFF,SlGRED'SlGSTA 
COMMON /SIG/ SIGCL_K(MAXSIG»2),sIGCYC(MAXSIG)•SIGINP(MAXSlG•4) t 
1 SIGGRN(MAXSIG»2)»SIG0FF(MAXSTG»2)'STGRED(MAXSIG»2>• 
2 SIGSTA(MAXSIG»2) »,NUMSIG»AMBFRT 
C 




COMMON /LINKS/ LKTD(MAXLKS»2). I . K L N G ( MAX L K S)• LKLANS(MAXLKS)» 
1 L K F S T B ( M A X L K S ) » L K N O n ( M A X L K S ) , L K O P O S ( M A X L K S ) • 




C SETUP F o R BLOCKS. 
C 
PARAMETER M A X R L K = S O O O 
INTEGER BLKARY 
COMMON /BLOCKS/ B L K A R Y < M A X B L K ) , L E N G T H . N B L K s 
C 
c S E T U P F O R V E H I C L E S . 
C 
PARAMETER MAXvEH=?000 
INTEGER V n S P » v A S P t V M O v E » V S T A T E » V T U R N * VLK•VHOLD•VLAN•VLKTlM 
C0MM0N / V E H/VDSP(MAXVEH)»VASP(MAXVEH) t v M O V E(MAXVEH) tVSTATE(MAXVEH) t 
1 VTURN(MAXVEM)•VLK(MAXVEH)»VHOLD(MAXVEH)'VLAN(MAXVEH)»NUMVEH» 
2 V L K T I M ( M A X V E H ) 
c 
C GENERAL COMMON VARIABLES. 
C 
INTEGER CLOCK»DELT»FINISH'WARMUP 
COMMON CLOCKHSEED ' D E l TrFlNlSH.WARMUP 
C 
c * * * * * * * * * * * * * * * * * * * * * 
c * * 
C * DEFINITION OF VARIABLES USED IN THE PROGRAM. * 
C * * * * * * * * * * * * * * * * * * * * * 
C * * 
C * * 
C * * 
C * AMBERT - AMRER TIME. 
C * BLKARY(IB) - ARRAY OF BLOCKS. * 
C L O C K - M A S T E R S I M U L A T I O N C L O C K . 
D E L T - T H E T I M E S T E P . 
F I N I S H - R U N N I N G T I M E ( I N S E C O N D S ) • 
I T H - I N D E X U S E D T O P O I N T T O S P F C I F I C S I G N A L . 
K T H - I N D E X U S E D T O P O I N T T O S P F C I F I C L I N K . 
L E N G T H - L E N G T H O F A U N I T B L O C K ( I N F E E T ) . 
L K D E S T ( K T H » 1-3) - L I N I \ D F S T I N A T T O N S : L E F T » S T R ' R I G H T . 
L K F S T B ( K T H ) - L I N K ' S F I R S T B L O C K . 
L K I D ( K T H » 1 - ? ) - S Y M B O L I C I . D . O F T A I L ( 1 ) A N D H E A D ( 2 ) . 
L K L A N S ( K T H ) - N U M B E R O F L A N E S . 
L K L N G ( K T H ) - L I N K L E N G T H ( I N B L O C K S ) . 
L K N O D ( K T H ) - I N D E X T O N O D E A T H F A D O F L I N K . 
L K N T Y P ( K T H ) - T Y P E O F N O D E A P P R O A C H I N G : 
0 - NO R E A S O N T O S T O P I F S T R A T G H T , 
1 - A P P R O A C H I N G A S I G N A L * 
2 - A P P R O A C H I N G A S T O P S I G N . 
L K O P O S ( K T H ) - L I N K A P P O S I N G A L F F T T U R N . 
L K P R O B ( K T H » 1 - 2 ) - C U M U L A T I V E P R O B O F L E F T & S T R . M O V E . 
M A X B L K - M A X I M U M P O S S L B L F N U M B E R O F B L O C K S . 
M A X L K S - M A X I M U M P O S S L B L F N U M B E R O F L I N K S . 
MAXNO - M A X I M U M P O S S L B L F N U M B E R O F N O D E S . 
M A X S I G - M A X I M U M P O S S L B L F N U M B E R O F S I G N A L S . 
M A X V E H - M A X I M U M P O S S L B L F N U M B E R O F V E H I C L E S . 
N B L K S - N U M R E R O F B L O C K S I N M O D F L • 
N O C L K ( N T H ) - T I M E O F N E X T V E G E N , 
N O F S T B ( N T H ) - N O D E S F I R S T B L O C K . 
N O G E O M ( N T H ) - G F O M E T R Y O F N O D E : 
E X T E R N A L = N U M B E R O F L A N E S » 
I N T E R N A L = T Y P E O F I N T E R S E C T I O N : 
1 - TWO B Y TwO» 
? - F O U R B Y T W O -
3 - F O U R B Y F O U R . 
N O I D N O ( N T H ) - S Y M B O L I C N O D E I D E N T I F I E R . 
N O l N P ( N T H » 1 - 4 ) - I N D E X T O L I N K S I N P U T T I N G T O T H I S N O D E 
N O N X T ( N T H » 1 - 4 ) - S Y M B O L I C I D E N T I F I E R S O F A D J . N O D E S . 
N O O I J T P ( N T H ) - I N D E X TO L I N K S T A K I N G F R O M T H I S N O D E 
N O P A R S ( N T H , 1 - 2 ) - P A R A M E T E R S F O P G E N E R A T E N O D E S • 
N O S I G ( N T H ) - I N D E X T O S I G N A L F O R N T H N O D E . 
N O T Y P E ( N T H ) - N O D E T Y P E : 
0 - B O T H G E N E R A T E A N D T E R M I N A T E , 
1 - G F N E R A T E O N L Y t 
2 - T F R M I N A T E O N L Y , 
5 - F I X E D T I M F C O N T R O L L E D , 
N T H - I N D E X U S E D T O P O I N T T O S P E C I F I C N O D E . 
N U M L K S - N U M B E R O F L I N K S I N M O D F L -
NUMNOS - N U M B E R O F N O D E S . 
N U M S I G - N U M B E R O F S I G N A L S . 
N U M V E H - N U M B E R O F VEHIci E S I N N E T W O R K . 
S I G C L K ( I T H » 1 - 2 ) - T I M E O F N E X T S I G N A L C H A N G E . 
S I G C Y C ( I T H ) - C Y C L E L E N G T H O F I T H S I G N A L . 
S I G G R N ( I T H » 1 - 2 ) " G R E E N T I M E . 
S I G I N P ( T T H » 1 - 4 ) - L I N K S P O I N T I N G A T I T H SIGNAL. 
SIGoFF ( l T H » 1 - 2 ) " S I G N A I O F F S E T . 
S I G R E D ( I T H » 1 - 2 ) - R E D T I M E . 
S I G S T A ( l T H » 1 - 2 ) - S I G N A L S T A T E : 
0 - G R E E N 
1 - A M B E R 
136 
C * 2 - RED. 
C * VASP(JTH) - VEHICLE'S ACTUAL SPFED. * 
C * VDSP(JTH) - VEHICLE'S DESIRED SPEED. * 
C * . VHOLD(JTH) - NUMBER OF m OCKS MOVEO BEFORE HOLDING * 
C * VLAN(JTH) - LANE DESIRED. * 
C * VLK(JTH) - TNDEX OF CURRFNT OR MOST RECENT LINK. * 
C * VLKTIM(JTH) - CLOCK TlMF VEHICLF SHOULD LEAVE LINK. 
C * VMOVE(ITH) - MOVE FLAG, n - NOT PROCESSED THIS PERIOD . 
C * VSTATE(JTH) - STATE OF j TH VEHICLE: * 
C * 0 - STOPPED* wUST HESITATE* * 
C * 1 - ACCELERATING* * 
C * 2 - DECELERATING * 
C * 3 - CONSTANT SPEED. * 
C * VTURN(JTH) - TURN INDICATOR: * 
C * • 1 - LFFT* . * 
C * 2 - STRAIGHT* * 
C * 3 - RIGHT. * 
C . * WARMUP - TIME To LOAD THF NETWORK» 
C * * 
C * * 
C * * * * * * * * * * * * * * * * * * * * * 
C * * 
C * * 
c * * 
c * * 




E N D 
C 
C T H I S I S T H E M A I N P R O G R A M F O R T H F U N I T B L O C K M O D F L . 
C C L O C K I N S E C O N D S . 
C 
C 
I N C L U D E D E F I N S * L I S T 
C 
C I N I T I A L I Z A T I O N 
N T H = 0 
D E L T = 1 
C L O C K = - D E L T 
N B L K S = 0 
L E N G T H = 1 8 
C 
C R U N P A R A M E T F R S 
C 
R E A D ( 5 » 1 ) I R U N * I N F T » A M B E R T , I S E F D ' F I N I S H ' W A R M U P 
1 F O R M A T ( ) 
M O D E L = » U B 1 
W R I T E ( 2 1 ) M O D E L ' I R U N ' I N E T ' I S E F D 
W R I T E ( 2 2 ) M O D E L * I R U N * I N E T * I S E E D 
P U N C H 6 » I R U N » I N E T , I S E F D 
6 F O R M A T ( * U B M O D E L I R U N = »»l<.»» I N F T = • 14* * ISEEn = * * I 1 2 ) 
WARMUP = WARMUP * 6 0 
F I N I S H = F I N I S H * 6 0 + WARMUP 
W R I T E ( 6 * 2 ) I R U N » I N E T » I S E E D » F I N I S H » W A R M U P 
2 F O R M A T ( • 1 * * * * * * * * * * * * * * * * * U N I T B L O C K M O D E L * * * * * * * * * * * * * * * * * » , / / 
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1 • RUN NUMBER '.T5»//»' NETWORK M 5 ' ' ISEED 
2 //»» FINISH = ••Ifi*' SECONDS. WARMUP =»,I4,» SECONDS.•»//) 
C 
C THIS SUBROUTINE CALCULATFS HOW FAR VEHICLES CAN 
C ADVANCE KNOWING SIZE OF GAP AND VEHICLES iNVOLVcD. 
C 






C CALL SETUP TO FINISH DATA MANIPULATION. 
C 
CALL SETUP 
CALL DUMP(0#»DATA C«»»HECK «,n) 
C 
C ..... THE SIMULATION. 
C 
1000 CLOCK = CLOCK • DFLT 
IF(M0D(CL0CK'9Q).FQ.O) CALL STATA(2) 
W R I T E ( 2 2 ) CLOCK'NuMVEH 







GO TO 1000 
C 
C WARMUP OVER, CLEAR STATISTICS. 
C 
2000 CALL STAT(l) 
CALL STATA(1) 
GO TO 2200 
2100 CLOCK = CLOCK + DFLT 
IF(MOD(CLOCK » 90).FO.0) CALL S T A T A ( 2 ) 
W R I T E ( 2 2 ) CLOCKrNllMVEH 
IF(CL0CK .GE. FINISH) GO TO .^000 






GO TO 2100 
C 
C ..... SIMULATION OVER, PRINT STATISTICS* 
C 









DIMENSION I G A P A U . 5 ) 
DATA IGAPA/0»1 »3»ft» l » 2 » 4 » 6 » 0 . ? , ( t . 4 . 0 » n » 2 » < + » 0 » 0 » 0 » 3 / 
DEFINE l G A P ( I » J ) = l G A P A t I » J + D 
NUMDS = VASPCJTH) 
I F I V A S P ( J T H ) . L T . VDSP(JTH) . A N D . V S T a T E ( J T H ) . N E . 1) NUvDS = 
1 NUMDS • 1 
DO 1000 I=NUMDS»1»-1 
NUM = I 
IFCNUMPOS-NUM .GE. I G a P ( N U M » V a S P < J T H L n R > ) > RETURN 
1000 CONTINUE 
NUM - 0 
1010 RETURN 
E N D 
SUBROUTINE D l S T C H ( J T H » K T H » P O S , N T H » N U M ? » I T H . I A R M ) 
C 
C THIS SUBROUTINE CHECKS THE JTH VEHICLE WHICH.IS 
C IN POSITION POS OF THE KTH LINK APPROACHING THE 
C NTH NODE. N U M 2 IS THE NUMBER OF POSITIONS HE 




DIMENSION l S Q ? C t . ? . 4 ) 
INTEGER P O S » E F F E C T ( 4 ) . T U R N S P ( t n ) » I S O ( u » 3)iST0PSP(10) 
DATA ISO / 3 » 4 . 2 » l f < * . 2 . 1 » 3 » 2 » l . . V 4 / 
DATA ISQ2 / 9»10»11 • 1 2 . 1 3 . 1 < t » l 5 . 1 6 » 1 5 . 1 1 • 7 . 3 , 1 6 • 12f8,u• 
1 8 , 7 , 6 » 5 » 4 , 3 # 2 » 1 » 2 » f , , 1 0 , l 4 , l » 5 » 9 » 1 3 / 
DATA EFFECT / u , 6 , A , 1 0 / 
DATA TURNSP / 1 • 2 , ?»3 • 3 • . 4 » 4 . c . , H / 
DATA STOPSP / 0 » l » l » 2 » 2 » 3 » 3 » 3 » u , 4 / 
I I = 2 - M0D(IARM»2) 
C 
C . . . . . DETERMINE FASTEST SPEED DESIRED. 
NUM2 - VASPCJTH) 
IFINUM2 . L T . VDSP(JTH) .AND. VSTATE(JTH) -NE. 1) NUM2 = NUM2 + 1 
C 
C CHECK THE POSITION OF THF VEHlCl.E* 
IF iPOS .GT. EFFECTCNUM2)) RETURN 
IF(NOTYPE(NTH) . L F . 2) RETURN 
IF(NOGEOM(NTH) .EO. 3) GO TO 3000 
C 
C 
C . . . . . TWO-BY-TWO INTERSECTION. 
C 
1050 1 F ( S I G S T A ( I T H . I I ) .NE . 0) GO TO 9900 
IF(VTURN(JTH) .EQ. 2) GO TO i o 6 5 
1055 IF(NUM2 . C , T . TURNSP(POS)) NUMP = TURNSPCPoS) 
1065 IF(P0S-NUM2 .GT. n) RETURN 
NUMIN = NUM2 - POS + 1 
l F ( V T U R N ( J T H ) - 2 ) 2200 * 2100»2nn0 
C 
C RIGHT TURNS. 
C 
2000 IB = I S Q ( I A R M . l ) 4 - NOFSTB(NTH) - 1 
IFCBLKARY(IB) .EQ. 0) GO TO p o l O 
GO TO 9800 
2 0 1 0 I F ( I R H 0 L D ( L K D E S T ( k T H ' 3 > ) * E Q . 0 > G O T O 9 8 o O 
R E T U R N 
C V E H I C L E G O I N G I N T O T H E I N T E R S E C T I O N . 
C 
I F ( V L A N ( J T H ) . E Q . 1 ) GO T O 3 5 0 0 
C 
C R I G H T L A N E , MAY T U R N R I G H T OR Go S T R A I G H T . 
C 
I F ( V T U R N ( J T H ) . E Q . 2 ) G O T O 3 ? 0 0 
C 
c . . . . . R I G H T T U R N S . 
c f 
I B = I S Q 2 ( 1 , 2 , I A R m ) + N O F S T B ( N T H ) - 1 
I F ( B L K A R Y ( I B ) . N E . 0 ) G O T O 9 A 0 0 
I F ( I B H 0 L D ( L K D F S T ( K T H » 3 ) ) - E Q . f l ) G O T O 9 8 0 0 
R E T U R N 
C S T R A I G H T M O V E M E N T S . 
C 
2 1 0 0 I B = I S Q ( I A R M , 2 ) • N O F S T B ( N T H ) - 1 
I F ( B L K A R Y ( I B ) . E O . 0 ) G O T O ?\\0 
J T H L D R = B L K A r Y ( I r ) 
I F ( V L K ( J T H L O R ) . N F . K T H ) G O T O 9 8 0 0 
I F ( V T U R N ( J T H L D R ) . E Q . 2 ) G O T O 2 1 0 6 
G O T O 9 8 0 0 
2 1 0 6 C A L L A D V C H K t J T H , J T H L D R r P O S » N U M 1 ) 
I F C N U M 1 . L T . N U M 2 ) N U M 2 = N U M l 
2 1 1 0 I B = I S Q ( I A R M f l ) + N O F S T B ( N T H ) - 1 
I F ( B L K A R Y ( I B ) . N E . 0 ) G O T O 9 * 0 0 
I F ( N U M I N . L E . 2) R E T U R N 
I F ( I B H O L D ( L K D F S T ( k T H # ? ) ) * N E . n) R E T U R N 
K T H L D R = L K D E S T ( K T H , 2 ) 
I B = L K F S T B ( K T H L D R ) + L K L N G ( K T H L D R ) 
J T H L D R = R L K A R Y ( I R ) 
C A L L A D V C H K ( J T H » J T H L D R * P O S + 1 , N U M 2 ) 
R E T U R N 
C 
C L E F T T U R N S . 
C 
2 2 0 0 I F ( I B H O L D ( L K D F S T ( K T H r 1 ) ) * E Q . n ) G O To 9 8 0 0 
I B = I S Q ( I A R M » 2 ) + N O F S T B ( N T H ) - 1 
I F ( B L K A R Y ( I B ) . E Q . 0 ) G O T O ? p l O 
J T H L D R = B L K A R Y ( I R ) 
I F ( V L K ( J T H L D R ) . N F . K T H ) G O T O 9 8 0 0 
I F ( V T U R N ( J T H L D R ) . E Q . 1 > G O T O 9 8 0 0 
2 2 1 0 I B = I S Q ( I A R M » D + N O F S T B ( N T H ) - 1 
I F ( B L K A R Y ( I B ) . N E . 0 ) G O T O 9 R 0 0 
R E T U R N 
C 
C F O U R B Y F O U R I N T E R S E C T I O N S . 
C 
3 0 0 0 I F ( S I G S T A ( I T H , I I ) . N E . 0 ) G O T O 9 9 0 0 
I F ( V T U R N ( J T H ) . E Q . 2 ) G O T O 3 1 O O 
I F ( N U M 2 . G T . T U R N S P ( P O S ) ) N U M ? = T U R N S P ( P O S ) 




C S T R A I G H T T R A F F I C I N T H E R I G H T L A N E . 
C 
3 2 0 0 N G A P = P O S - 1 
D O . 3 2 1 0 1 = 1 . 4 
I B = I S Q 2 ( I » 2 , I A R M ) + N O F S T B ( N T H ) - 1 
I F ( B L K A R Y ( I B ) .NE. 0) GO TO 3220 
3210 N G A P = N G A P • 1 
RETURN 
3220 J T H C H K = R L K A R Y ( I R ) 
I F ( V L K ( J T H C H K ) . N F . K T H ) GO TO 9800 
C A L L A D V C H K ( J T H » J T H C H K • N G A P » N U M l ) 
IF(NUM1 .LT. NUW2) NUM2 = NUM1 
RETURN 
C 
C L E F T L A N Er MAY T U R N L E F T OR Go STRAIGHT* 
C 
3500 ISTOP = VTURN(JTH) • 2 
NGAP - POS - 1 
DO 3510 I=1»IST0P 
IB = I S Q 2 ( I » 1 » I A R M ) + N O F S T B ( N T H ) - 1 
I F ( B L K A R Y ( I B ) . N E . 0) GO TO 3520 
3510 N G A P = N G A P • 1 
RETURN 
3520 J T H C H K = B L K A R Y ( I R ) 
I F ( V L K ( J T H C H K ) . N F . K T H ) GO TO 9800 
I F ( V T U R N ( J T H C H K ) . E O . 1) GO TO 9800 
C A L L A D V C H K ( J T H tJTHCHK »NGAP»NUMl) 
IF(NUM1 ,LT • NUM2) NUM2 = NUMl 
RETURN 
9800 NUM2 - P O S - 1 
RETURN 
9900 IFCNUM2 .GT . S T O P S P(POS)> NUM? = STOPsP^ P O S ) 
RETURN 
E N D 
S U B R O U T I N E D U M P ( M » N 1 » N 2 » K ) 
C 
C T H I S S U B R O U T I N E P R O V I D E S A D U M P O F T H E V A R I A B L E C 
C I N C A S E O F AN E R R O R . T H F V A L U E O F K D E T E R M I N E S 
C T H E T Y P E OF OUMPl 
C 0 - S F T U P C H F C K » C A L L R E T U R N 
C A F T E R P R I N T O U T ON N O D E S ' F T C 
C l - E R R O R ON T N P U T , 
C 2 - E R R O R WHIl F R U N N I N G . 
C 
I N C L U D E D E F I N S 
C 
C G E N E R A L I N F O R M A T I O N D U M P . 
vyR!TE<6»l) K 
1F(K .GE. 2) GO TO 1000 
WRITE(6»2) M'Nl'NP 
GO TO 1001 
1000 WR1TE<6»3) M*Nl»N2 
L = MAXNO 
1001 WRlTEt6»4) L'NUMNOS 
DO 1010 I=l»NUMNOS 
1010 WRITE (6, 5) NOIDNO(I) »NOTYPEU) , (NONXT(I'K) »K=1»4) »NOP ARS ( T • 1 > » 
1N0PARS(I»2) » NnGEOM (I) , (NOlNP(l ,K) »K=l»t.) »NOOUTP(I) » 
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2N0FSTBU) ,N0SIG<I> »NOCLK(I) 
L - MAXLKS 
WRITE(6»6) L'NUMLKS 
DO 1020 I=1»NUMLKS 
1020 WRITE (6»7) LKTUd.l) »l K l D d ' 2 ) .LKLNG( T ) 'LKLANS(I) ,LKFSTBd> » 
ILKNODd) »LK0P0S(I) rLKPROBd'l) . LKPROB (I' 2 > . LKDEST (I • 1) • 
2LKUEST(Ir?),LKDEST(I»3> 
WRITE(6»8) NBLKS,(BLKARY(I)•Irj»NBLKS) 
IF(K . E Q . 0) R E T U R N 
IF(K . E Q . 1) STOP DUMP1 
WRITE(6»9) CLOCK 
DO 1090 JrltMAXVEH 







I H O L D = V H O L D ( J ) 
ILAN=VLAN(J) 
W R I T E(6tln) J » I D S P » I A S P » I M O V E » I S T A T E » T T U R N , I L K , I H O L D » t L A N 
1090 C O N T I N U E 
STOP DUMP2 
1 FORMAT(///» ERROR DUMP OUTPUT. K ='»T5> 
2 FORMAT(• CODE '»IS»' MESSAGE - •»2A6) 
3 FORMAT(• VEHICLE*.I6»•» NOW BFTNG PROCESSED.',/,» MESSAGE - »»2A6) 
4 FORMAT(///r» NODE OUTPUT. MAX =',I4»» NUMBER = • • 1 5 » / / . 2 X • • I D » • 2 X » 
l'TYP'»3X»'NEXT N O n E • , ? X • • P A R A M F T E R S GEO'•3Xr•LINKS lN'»4x» 
2»OUT»»2X»'FSTR'r2xr»SIG CLK»./) 
5 F0KMAT(2X, I2»^X»I1»3X.4(l2rlX).2(lX»F4.0)»3X,Il»3X»4(T2»lX)»lX»I 
12'3X,I3»3X»l2r3X,F4.0) 
6 FORMAT(///r» LINK OUTPUT. MAX ='»I4,» NUMBER = • » I 5 » / / • 3 X t • I D ' » 3 X * 
1'LENGTH L A N E S FSTB NODE•*3x.'OPOS P R O B A B I L I T I E S ' , 3 X » 
2'DESTINATI0NS»»/) 
7 FORMAT(2X.I2»1X»I2»2X»I3»6X»I1•4X•14.3X•12•4X•13 r 2 X • ? ( 2 X • F 5 . 3 ) » 
1 4X»3(I3r2X)) 
8 FORMAT(///,» BLOCK OUTPUT.'•/,(1X»25IS>> 
9 FORMAT(///»» CLOCK =».l7.///.» VEHICLFS IN NETWORK•'•/•• VEH DS 





C ..... THIS SUBROUTINE READS THF DATA CARDS ON EXTERNAL 
C NODES O N L Y . CONTROL IS R E T U R N E O TO THE CALLING 






1 NOPARS(NTH»1)•NoPARS(NTH r 2),NOGEOM(NTH) 
IF(ALPHA .EQ. 1H ) GO TO 2000 








C ..... THIS SUBROUTINE FINDS THF SIZE OF THE GAP ON THr 




DATA PROB / .02' .lD» .22» . 3 6 * ,50» .61» .74» 
1 .81* .fi4» .90» .92* .95» .9*» .97» .98* .99* .995. .9995 / 
KOUT = 0 
IF(NOTYPE(NTH) .LF. 2) RETURN 
IF(SIGSTA(ITH,II) .NE. 0) RETURN 
1200 IF(LKLANS(KTH) .Eft. 2) GO T o 1300 
C 
C SINGLE LANE STREET. 
C 
IBSTRT = LKFSTB(KTH) 
IBSTOP = IBSTRT + LKLNG(KTH) - 1 
DO 1250 in=IBSTRT,IBSTOP 
IF(BLKARY(IB> .NE. 0) GO TO 1251 
1250 CONTINUE 
RETURN 
1251 JTH = BLKARY(IB) 
IF(VASP(JTH) .EQ. 0) RETURN 
1260 GAP = (IB - IBSTRT) / FLOAT(VASP(JTH)) 
GO TO 1600 
C 
C TWO LANF APPROACH. 
C 
C CHECK THE FIRST LANE. 
C 
1300 GAP1 = 999. 
IBSTRT = LKFSTB(KTH) 
IBSTOP = IBSTRT + LKLNG(KTH) - 1 
DO 1310 IR=IBSTRT.IBSTOP 
IF(BLKARY(IB) .NE. 0 ) GO TO 1 3 I I 
1310 CONTINUE 
GO TO 1400 
1311 JTH = BLKARY(IB) 
IF(VASP(JTH) .EQ. 0) GO TO l4D0 
1320 GAP1 = (IR - IBSTRT) / FLOAT(VASP(JTH)) 
C 
C CHECK THE SFCOND LANE. 
c 
1400 GAP2 = 999. 
IBSTRT = IBSTOP • 1 
IBSTOP = IBSTRT • LKLNG(KTH) - 1 
DO 1420 IR=IBSTRT,IBSTOP 
IF (BLKARY(IB) .NE. 0 ) GO TO m 2 1 
1420 CONTINUE 
GO TO 1500 
1421 JTH - BLKARY(IB) 
IF(VASP(JTH) .EQ. 0) GO TO lSOO 
1430 GAP2 = (IR - IBSTRT) / FLOAT(VASP(JTH)) 




C THIS SUBROUTINE CALCULATFS THE STATISTICS FOR TuE 
C LINK THAI THE VEHICLE HAS JUST FXlTED. THE MlN TIME 





DATA ICON / 0,2»6,9 / 
DEFINE ICONP(I) = ICON<U 
IF(KTHOLD .EQ. 0) GO TO 5 
C 
C GET STATISTICS ON OLD LINK. 
C 
LANE = VLAN(JTH) 
I D E L A Y = C L O C K ~ V L K T I M ( J T H ) 
W R I T E ( 2 1 ) C L O C K » K T H O L D » J T H , I D E L A Y 
C * * * « W R I T E(b»2) J T H » V L K T I M ( J T H ) » C L O C K » I D E L A Y 
2 F O R M A T ( » U B U t i t i I D F L A Y O U T P U T »,6I6) 
L K V L ( K T H O L D » L A N E ) = LK V L ( K T H O L D , L A N E ) + 1 
L K V D ( K T H O L D » I T U R N ) = L K V D ( K T H O I . D » I T U R N ) + 1 
L K D £ L ( K T H O L D » L A N E ) = L K D E L ( K T H O L D » L A N F ) + I D E L A Y 
L K D E L D ( K T H O L D . I T U R N ) = L K D E L D ( K T H O L D , T T U R N ) + I D E L A Y 
C 
C CALCULATE TTME FXPECTED TO TRAVFL LINK AND 
C TIME VEHlCLF SHOULD REACH END OF LINK. 
C 
5 I D S P = V A S P ( J T H ) 
IF(IDSP .LT. VDSP(JTH)) IDSP = IDSP • 1 
NUM = IDSP - VHOLn(JTH) - 1 
C 
C BRANCH BASED ON TURNING MOVEMENT. 
C 
ITURN = VTURN(JTH) 
GO TO (10,20*30),TTURN 
C 
C LEFT TURN CALCULATIONS DEPEND AND NUMBER OF LANrS. 
C 
10 MINTIM = (LKLNG(KTH) - NUM + If.ONP (VDSP < JTH) ) ) / VDSP(JTH) 
1 + LKLANS(KTH) * ? 
GO TO 40 
C 
C STRAIGHT MOVEMENTS. 
C 
C C H E C K T H E S I Z E O F T H E G A P . 
C 
1600 I F ( G A P . G F . 20.0) R E T U R N 
I F I G A P . L E . 2) G O TO 2000 
I N D E X = G A P • 0.5 
I F(RN1 ( I S E E D ) . L E . P R O B U N D E X ) ) R E T U R N 
C 
C R E J E C T . 
2000 K O U T = 1 
R E T U R N 
E N D 
S U B R O U T I N E G E T S T A ( J T H » K T H O L D , K T H , I T U R N ) 
144 
20 MlNTIM = (LKLNb(KTH) - NUM • LKLANS(KTH> * 2 • VDSPUTH) - 1) / 
1 V D S P ( J T H ) 
G O T O 40 
C 
c R I G H T T U R N S A R E N O T E F F F C T E D B Y N U M B E R O F L A N E S . 
c 
30 MlNTIM = (LKLNG(KTH) - NUM + IC0NP(VDSPUTH))) / VDSP(JTH) 
40 V L K T I M ( J T H ) = CLOCK + MlNTIM 
1 FORMAT(• $S$$$4 GFTSTA 0UTPUT»,7I6) 





C THIS SURROUTINE MOVES A VEHICLE INTO A HOLDING AREA. 
C IT WILL BE REMOVED AND THE STATISTICS UPDATED BY 
C THE HOLDOUT SUBROUTINE AFTER ALL LINK MOVEMENT 




BLKARY(IBTO) = JTH 
IF(IBFROM .NE. 0) BLKARY(IBFROM) = n 
C 
C ..... VHOLD IS USFD To STORE THE NUMBFR OF BLOCKS ALRFADY MOVED. 
V H O L D ( J T H ) = 1 
C**** WRITE<6»1) JTH»IBTO*iRFROMrI 
1 FORMAT(' HOLDlN VEH ,»I4»» TO BLK •.I4,' FROM BLK *•I5f 





C THIS SURROUTINE TAKES VFHlCLES OUT O F A HOLDING 
C AREA ANn MOVES THEM ONTO THE L I N K . 
C 
INCLUDE DEFINS 
DO 3000 KTH=1,NUMLKS 
LANE = 1 
C 
C BRANCH ON NUMBER OF LANES 
IF(LKLANS(KTH) .Eo. 2) GO TO ?000 
C 
C ..... SINGLE KANE. LOOK AT HOLDING A R E A . IF EMPTY SKIP. 
IB = LKFSTB(KTH) + LKLNG(KTH) 
IF(BLKARY(IB) «EO. 0) G O TO 3000 
C 
C IF NEW VEHICLE TO THIS LTNK* ASSIGN PARAMETERS. 
JTH = BLKARY(IB) 
IFtVLK(JTH) .EO. KTH) GO TO H 0 0 
KTHOLD = VLK(JTH) 
ITURN = VTURN(JTH) 
VLK(JTH) = KTH 
VLAN(JTH) = 1 
X = RNKISEED) 
DO 1050 I=l»2 
IF(X .LE. LKPROB(KTH'I)) GO TO 1055 
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1050 CONTINUE 
VTURN(JTH) = 3 
GO TO 1075 
1055 VTURN(JTH) = I 
1075 CALL GETSTA(JTH»KTHOLD»KTH»ITURN) 
C 
C FIND LEADING VEHICLE. 
1100 IBSTOP = LKFSTb(KTH) 
IBSTRT = IB - 1 
DO 1110 iBCHKrIBSTRT,IBSTOP,-! 
IF(BLKARY( I B C H K) .NE. 0) GO To 1200 
1110 CONTINUE 
C 
C NO LEADER ADVANCE DESIRFD NUMBER OF BLOCKS 
NUM = VASP(JTH) . 
IF(NUM .LT. VDSP(JTH) .AND. VqTATE(JTH) .NE. 1) NUM = NUM • 1 
IBNEW = IR - NUM • VHOLD(JTH) 
IF(IBNEW .LT. L K F S T B ( K T H ) ) CALL D U M P ( J T H » • H O L D O U *N O L E A D • » 4 0 ) 
IF(IBNEW . E Q . IB) GO TO 2975 
I F ( B L K A R Y ( I B N F W ) . N E . 0) CALL D U M P ( J T H ' ' H o L D O U ' , ^ U L R L K 4 2 ) 
G O TO 2950 
C 
C LEADER F O U N D . 
C 
1200 NUMPOS = IB - IBCHK - I • V H O L D ( J T H ) 
IF(NUMP0S .LE. 0) GO TO 2975 
J T H L D R = R L K A R Y ( I R C H K ) 
CALL A D V C H K ( J T H » J T H L D R »NUMPOS*NUM) 
NUMPOS = NUM - V H O L D ( J T H ) 
IF(NUMPOS . L E . 0) GO TO 2975 
I B N E W = I R - NUMPOS 
GO TO 2950 
C 
C 
C TWO LANE LINK PROCESSING. LOOK AT HOLDING AREAS. 
C 
2000 IB = LKFSTB(KTH) • LKLNG(KTH) * 2 
I F ( B L K A R Y ( I B ) . N E . 0) GO T O plOO 
2050 IB = IB + 1 
L A N E = L A N E • 1 
I F ( B L K A R Y ( I B ) . N E . 0) G O T O ?i00 
I F ( L A N E . G E . L K L A N S ( K T H ) ) GO T O 3000 
G O T O 2050 
C 
C FOUND A VEHICLE IN THE HOLDING AREA. IF -VEHICLE 
C NEW TO THIS LINK' ASSIGN PARAMETERS. 
C 
2100 JTH = BLKARY(IB) 
IF(VLK(JTH) .EQ. KTH) GO TO 2150 
KTHOLD = VLK(jTH) 
ITURN = VTURN(JTH) 
VLK(JTH) = KTH 
X = RNl(ISEED) 
IF(X .GT. LKPROB(KTH,l)) GO TO 2140 
VTURN(JTH) = 1 
VLAN(JTH) = 1 
GO TO 2149 
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2140 I F U .GT. L K P R O B U T H , ? ) > GO TO 2145 
IF(VTURN<JTH) .EQ. 2) GO TO ?t49 
VTURN(JTH) = 2 
VLAN(JTH) = R N K I S E E D ) * L K L A N S U T H ) • 1 
GO TO 2149 
2145 VTURN(JTH) = 3 
VLAN(JTH) = LKLANS(KTH) 
2149 CALL GETSTA(JTH»KTH0LD»KTH• ITURN) 
C 
C FIND LEADER IN DESIRED LANE. 
C 
2150 IBSTOP = LKFSTB(KTH) + LKLNG(KTH) * (\/LAN(JTH) - 1) 
IBSTRT = IBSTOP + LKLNG(KTH) - 1 
DO 2160 IBCHK=IBSTRT»IBST0P»-1 
IF(BLKARY( IBCHK)..NE. 0) GO TO 2175 
2160 CONTINUE 
C 
C NO LEADER FOUND ADVANCE 
NUM = VASP(JTH) 
IF(NUM .LT. VnSP(jTH) .AND. V S T A T E ( J T H ) .NE. 1) NUM = NUM • 1 
IBNEW = IBSTRT + 1 - NUM • VHOtD(JTH) 
IF(IBNEW .LT. IBSTOP) IBNEW = IBSTOP 
IF(IBNEW .GT. IBSTRT) GO TO pq75 
IF(BLKARY(IBNFW) .NE. 0) CALL nUMP(JTH»'HOLDOU*•'FULRLK»f107) 
GO TO 2950 
C 
C LEADER FOUND 
2175 NUMPOS = IBSTRT - IBCHK • VHOLD(JTH) 
IF(NUMP0S .LE. 0) GO TO 2975 
JTHLDR = RLKARY(IRCHK) 
CALL ADVCHK(JTH•JTHLDR•NUMPOS•NUM) 
NUMPOS = NUM - VHOLD(JTH) 
IF(NUMPOS .LE. 0) GO TO 2975 
IBNEW - IBSTRT • 1 ~ NUMPOS 
GO TO 2950 
C 
C MOVE VEHICLE FORWARD NUM BLOCKS 
C 
2950 CONTINUE 
VHOLD(JTH) = 0 
BLKARY(IBNEW) = JTH 
BLKARY(IB) = 0 
CALL UPDATV(JTH»NUM»1) 
C**«* WRITE(6»1) JTH»IB,IBNEW»NUM 
IF(LANE .LT. LKLANS(KTH)) GO TO 2050 
GO TO 3000 
C 
C VEHICLE CAN NOT MOVE OUT OF HOLnlNG AREA. 
C 
2975 CONTINUE 
VHOLD(JTH) = 0 
CALL UPDATV(JTH»0»1) 
NZERO - 0 
C»*** WRITE(6»1) JTH»IB»IB.NZERO 
1 FORMAT(• HOLDOU f»416) 









C TWO LANES - MUST CHECK R O T H HOLDING BLOCKS. 
1000 IB = LKFSTB(KTH) + LKLNG(KTH) * 2 
IF (BLKARY ( I B ) . N E . 0) GO TO m l O 
IBHOLD = IB 
RETURN 
1010 IB = IB + 1 
I F (BLKARY( IB ) . N E . 0) RETURN 





C THIS SUBROUTINE READS CARDS FOR ALL NETWORK L IN . /S . 
C AFTER ALL DATA CARDS HAVF BEEN READ* THE ROUTINE 
C CALCULATES SOME CROSS RFFERENCE INDICES. 
C . , 
INCLUDE DEFINS • 
C 





READ(5»10l) ALPHA»LK ID (KTH. 1) , L K I D ( K T H . 2 ) 'LKLNG(KTH) . L K L A N S ( K T H ) » 
1 L K O P O S ( K T H ) . L K P R O a ( K T H r l ) » L K P R O B ( K T H r 2 ) * (LKDEST(KTH.K)rK=lr3) 
C 
C I F I T I S A R L A N K C A R D ' G O T O 20n0» 
I F ( A L P H A . E Q . 1H ) GO T O 2000 
C 
C C A L C U L A T E T H E B L O C K S P E R L A N E AMD T H E N U M B E R O F 
C B L O C K S U S E D T H U S F A R . 
L K L N G ( K T H ) = L K L N G ( K T H ) / L E N G T H 
L K F S T B ( K T H ) = N R L K S + 1 
N B L K S = N B L K S + L K L N G ( K T H ) * L K L A N S ( K T H ) + L K L A N S ( K T H ) 
c *• , 
C . . . . . THIS FUNCTION SEARCHES THE HOLDING AREA OF THE 
C KTH L I N K . IF THERE IS AN EMPTY SPACE IN THE 
C HOLDING AREA r THE BLOCK ADDRESS IS RETURNED A S 
C THE VALUE OF THE FUNCTION. IF THE AREA IS FULLt 




C *" . . . . . BRANCH BASED ON THE NUMBER OF L A N E S . 
IBHOLD = 0 
IF(LKLANS(KTH) .F_o. 2) GO TO 1000 
C 
C SINGLE LANE. I F HOLDING AREA FULL THEN RETURN. 
IB = LKFSTB(KTH) + LKLNG(KTH) 
I F ( B L K A R Y d B ) . N E . 0) RETURN 
IBHOLD = IB 
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C F I N D N O D E N U M B E R O F T H E HEAD NOnE» 
C 
D O 1 0 1 0 N T H = 1 » N U M N 0 S 
I F ( N 0 I D N G ( N T H ) . E o . L K I D C K T H , ? ) ) G O T O 1 0 1 5 
1 0 1 0 C O N T I N U E 
C A L L D U M P ( K T H » • I N P L K S * » • D O l O l o * » D 
1 0 1 5 L K N O D < K T H ) = N T H 
C 
C S E T U P T H E T U R N I N G P R O B A B I L I T I E S . 
C 
1 0 6 0 L K P R 0 B ( K T H » 2 ) = L K P R 0 B ( K T H » 1 ) + L K P R 0 B ( K T H » 2 ) 
I F ( L K P R 0 B ( K T H , 2 > . G E . 0 . 9 9 8 5 ) L K P R O B ( K T H » 2 ) = 1 . 0 
6 0 T O 1 0 0 0 
C 
C . » . . . F I X T H E N U MRE R O F L I N K S I N N E T W O R K . 
C 
2 0 0 0 N U M L K S = K T H - 1 
I F ( N U M L K S . 6 E . M A X L K S ) C A L L ni I M P ( N U M L K S » ' I N P L K S * • * M A X L K S * • 1 ) 
I F ( N B L K S . 6 T . M A X R L K ) C A L L D l I M P ( N B L K S » ' I N P L K S • • • M A X B L K • » 1 > 
C 
C F I N D T H E L I N K O P P O S I N G A L E F T T U R N . 
C 
DO 2 5 0 0 K T H = 1 » N U M L K S 
I F ( L K 0 P 0 S ( K T H ) .EO. 0 ) 6 0 T O 2 5 0 0 
D O 2 4 0 0 K T H 2 = 1 » N U M L K S 
I F ( L K I D ( K T H 2 » ? ) . N E . LKlD ( K T H,p>) G O T O 2 4 0 0 
I F ( L K 0 P 0 S ( K T H ) . E o . L K I D ( K T H 2 . 1 ) ) 6 0 T O 2 4 5 0 
2 4 0 0 C O N T I N U E 
C A L L D U M P ( K T H » • I N P L K S * • ' L K O P O S ' » D 
2 4 5 0 L K 0 P 0 S ( K T H ) = K T H 2 
2 5 0 0 C O N T I N U E 
R E T U R N 
1 0 1 F 0 R M A T ( A 1 » 2 I 3 , I 4 » H » I 3 » 2 F 3 . 3 . 3 I 3 ) 
END SUBROUTINE INTERL 
C 
C THIS SURROUTINE CALLS THF HANDLFR APPROPRIATE Tn 
C THE NODE TYPE. 
C 
INCLUDE DEFINS 
DO 2000 NTH=l.NUMNOS 
C 
C IF EXTERNAL NODE FORGET TT AND GO TO THE NEXT ONE. 
C 
IF(NOTYPE(NTH) .LF* 2) GO TO ?000 
C 
C SET UP A COv.PUTED GO TO RASED ON NODE GEOMETRY. 
C 
K=NOGEOM(NTH> 
GO TO (1100.1200.1300)»K 
C 
C TWO-BY-TWO. 
1100 CALL MOVETT(NTH) 
GO TO 2000 
C 
C ..... FOUR—BY—TWO. 
1200 CALL DUMP(NTH»•INTERL*»' 4X2 »»23) 
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60 TO 2000 
C 
C THIS SUBROUTINE READS THF DATA CARDS ON INTERIOR 
C NODES ONLY. CONTROL IS RETURNED TO THE CALLING 






R E A D ( 5 , I O I ) A L P H A » N O I D N O ( N T H ) , N O T Y P E ( N T H ) , ( N O N X T ( N T H » K ) » K = I , 4 ) , 
1 N O G E O M ( N T H ) 
c 
IF(ALPHA .EQ. 1H ) GO TO 3000 
c 
C PORTION OFF A SECTION OF BLOCKS FOR THE INTERSECTION* 
NOFSTB(NTH)=NRLKS+1 
K=NOGEOM(NTH) 
GO TO (1100,1200,1300)»K 
1100 NBLKS =NBLKS+4 
GO TO 1900 
1200 NBLKS=NBLKS+8 
GO TO 1900 
1300 NBLKS=NBLKS+l6 
1900 CONTINUE 
IF(N0TYPE(NTH) .LF. U) GO TO 1000 
C 
C ..... SIGNALIZED INTERSECTIONS NEED TO READ ANOTHER D A T A 




1 SIG0FF(ITH»2)»S T G G RN ( I T H»2) 
C 
C CALCULATE STATE CHANGE TIMES AND PUT ON CHAIN. 
C 
DO 2100 1=1,2 
SIGRED(ITH»I) = STGCYCdTH) - SlGGRN( TTH» I) - AMBERT 
TEMP = SlGOFF(ITH,I) + S I G G RN(ITH»I) 
I F(TEMP .GT. SIGCYC(ITH)) GO TO 2010 
TEMP = TEMP + AMBFRT 
I F(TEMP .GT. SIGCYC(ITH)) G O T O 2005 
SIGSTA(ITH ' I ) = 2 
SIGCLK(ITH,I) = ST60FF(ITH,I) 
60 TO 2100 
2005 SIGSTA(ITH»D = 1 
SIGCLK(ITH»D = TFMP - SlGCYC(iTH) 
GO TO 2100 
2010 SIGSTA(ITH»I) = 0 
SIGCLK(ITH»D = TFMP - SIGCYC(lTH) 
C FOUR-BY-FOUR. 







60 TO 2100 
2100 CONTINUE 
GO TO 1000 
3000 NUMNOS = NTH - 1 
IF(NUMN0S .GE. MAxNO) CALL DuvP(NUMNoS* ' INTERN 1 • * M A X m O ' . l ) 
NUMSIG = ITH 
IF(NUMSIG . 6 E . MAxSIG) CALL DUMP(NUMSlG»1 INTERN*»*MAxSIG*»1) 
RETURN 
C 
C FORMAT STATEMENTS 
C 
101 F 0 R M A T < A 1 , I 3 » I 2 » 4 I 3 » U > 




C THIS SUBROUTINE CHECKS EACH LINK FOR MOVEMENT 
C _ WITHIN THE L I N K . 
C 
INCLUDE DEFINS 
DIMENSION N U A D D t 4 , 2 ) • l S Q 2 < 4 • 2 , 4 > 
DATA ISQ2 / 9 M 0 r l i » 1 2 » l 3 » m » l 5 » 1 6 » 1 5* 11 »7.3» 16» l2 .R.<*» 
1 8 » 7 , 6 * 5 » U » 3 , 2 . 1 , 2 * 6 * l n . l 4 » l » 5 , 9 * l 3 / 
DATA NUADD / 3 . 4 * 2 • 1 » * . » 2 • 1 * 3 / 
INTEGER POS 
C 
C SEARCH EACH LINK IN NETWORK. 
C 
DO 6000 KTH=1.NUMLKS 
LANE = 0 
NTH = LKNOD(KTH) 
ITH = NOSIG(NTH) 
C 
C FIND THE ARM THF VEHICLE I S ON. 
C 
DO 560 I A R M = l . « t 
lF(NOlNP(NTH»IARM) .EO. KTH) GO TO 561 
560 CONTINUE 
CALL DUMP(JTH.*INTRAL* * * ARM * . 2 7 > 
561 CONTINUE 
1000 LANE = LANE • 1 * 
C 
C SET UP THE RLOCK L IMITS FOR THIS LANE. 
C 
IBSTRT = LKFSTB(KTH) + (LANE - 1) * LKLNG(KTH) -
IBSTOP = IBSTRT + LKLNG(KTH) - 1 
POS = 0 
JTHLDR = 0 
C 
C STEP THROUGH EACH BLOCK ON THE L I N K . 
C 
DO 5000 IB = IBSTRT»IBSTOP 
POS = POS + 1 
C 
C I F NO VEHICLE, SKIP TO THE NEXT BLOCK. 
IF (BLKARY( IB ) .EQ. 0) GO TO 5000 
C 
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J T H = B L K A R Y ( I B ) 
NUMl = V A S P ( J T H ) 
IFCNUM1 . L T . V U S P ( J T H ) • A N D * V S T A T E U T H * . N E . 1) NUMi=NUMl+l 
C A L L D I S T C H ( J T H » K T H . P 0 S ' N T H » N u m 2 » I T H » T A R M ) 
NUM = MIN(NUMl,NUM2) 
I F C J T H L D R .EQ. 0) GO T O 1525 
C 
C F O R F O L L O W E R S O N L Y . 
C 
1500 N U M P O S = I B - T B L D R - 1 
C A L L A D V C H K ( J T H • J T H L D R ' N U M P O S . N U M ) 
C 
C B O T H L E A D E R S AND F O L L O W E R S . 
C 
1525 I F(NUM . E O . 0) GO T O 4990 
IF (VSTATE(JTH) .EQ. 0) GO T o (.980 
IF (POS - NUM .GE. 1) GO TO 1*975 
C 
C VEHICLE CAN MOVE• BUT THE INTERSECTION IS 
C INVOLVED. BRANCH ON INTERSECTION GEOMETRY. 
C 
IF(NOTYPE(NTH) .LF. 2) GO TO U970 
IF(N0GE0M(NTH) .EQ. 3 ) GO T o 2000 
C 
C A TWO-BY-TWO INTERSECTION IS INVOLVED. 
C 
NUMDS = NUM - POS * 1 
C 
C ..... BRANCH TO SFCTION WITH PROPER DESTINATION. 
C 
1561 IF(NUMDS .EQ. 1) GO TO 1800 
IF(VTURN(JTH) .NE. 3 ) GO TO 1 5 8 O 
1 = 3 
NUM = POS 
GO TO 1850 
1580 IFCNUMDS .EQ. 2) GO TO 1825 
I = VTURN(JTH) 
NUM = POS + 1 
GO TO 1850 
C 
C MOVE FORWARn ONE SQUARE INTO THF INTERSECTION. 
C 
1800 IBNEW = NOFSTB(NTH) + NUADD(IARM » 1) - 1 
GO TO 4971 
C ' • 
C MOVE FORWARD TWO SQUARES INTO THE INTERSECTION. 
C 
1825 IBNEW = NOFSTB(NTH) + n U A D D*lARM»2) - 1 
GO TO 4971 
C 
C ADVANCE INTO THE HOLDING AREA. 
C 
1850 KTHNEW = LKDEsT(KTHrl) 
IBNEW = IBHOLD(KTHNEW) 
IF(IBNEW . E Q . 0) CALL DUMP(JTH» *INTRAL* * *IBHOLD 1•105) 
CALL HOLDIN(JTH» IrNEW»IB•NUM) 
GO TO 5000 
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C 
4980 V S T A T E ( J T H ) = 3 
I B N E W = I B 
C A L L U P D A T V ( J T H » 0 » 1 ) 
C 
C A F O U R RY F O U R I N T E R S E C T I O N I S I N V O L V E D . 
C 
2000 N U M D S = NUM - P O S + 1 
I F C N U M D S . N E . 1) G O T O 2100 
C 
C MOVE F O R W A R D O N E S Q U A R E I N T O I N T E R S E C T I O N . 
C 
I B N E W = N O F S T R ( N T H ) - 1 + I S Q ? ( 1 » L A N E » l A R M ) 
GO T O 4971 
C 
C M O R E T H A N O N E S Q U A R E . 
C 
2100 I F ( V T U R N C J T H ) . N E . 2) C A L L DlJMP( J T H * ' I N T R A L * » ' T U R N S P * * 126) 
C 
I F ( N U M D S . G T . 4) G O T O 2200 
2150 I B N E W = N O F S T R ( N T H ) - 1 + I S Q ? ( N U M D S * L A N E * I A R M ) 
GO T O 4971 
C 
C T R Y T O C R O S S I N T E R S E C T I O N I N T O H O L D I N G A R E A . 
C 
2200 I B N E W = iBHOLn(LKnEST (KTH»2)) 
I F ( I B N E W . N E . 0) G O T O 2250 
I = N U M D S - 4 
N U M D S = 4 
NUM = NUM - I 
GO T O 2150 
2250 C A L L H O L D I N ( J T H * I R N E W * I B * N U M ) 
GO T O 5000 
C 
C V E H I C L E I S G O I N G T O A T E R M I N A T E N O D E . 
C 
4970 C A L L T E R M I N ( J T H * I R ) 
GO T O 5000 
C 
C V E H I C L E I S G O I N G I N T O T H E I N T E R S E C T I O N . 
C 
4971 B L K A R Y ( I B ) = 0 
B L K A R Y ( I B N E W ) = J T H 
C A L L U P D A T V ( J T H » N U M » 1 ) 
C * * * * W R I T E<6»1) J T H » I B » I B N E W » N U M 
GO T O 5000 
C 
C S I M P L E M O V E O F * N U M » B L O C K S O N S A M E L I N K . 
c ' • • •• 
4975 I B N E W = I R - NUM 
B L K A R Y ( I B ) = 0 
B L K A R Y(IBNEW) = J T H 
C A L L U P D A T V ( J T H » N U M » 1 ) 
C * » * * WRlTE<6rl) J T H * I B » I B N E W » N U M 
GO T O 4995 
C 
C H E S I T A T E T H I S T I M E * C A N MOVE N E X T T I M E . 
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NZERO = 0 
C * » * * w R l T E ( 6 r l ) J T H » I B » I B » N Z E R O 
GO TO 4 9 9 5 
C 
C SIT STILL A ND WAIT, 
C 
4 9 9 0 IBNEW = IB 
CALL UPDATV(JTHr 0 »0) 
C * * * * w R l T E ( b f l ) J T H » I B » I B » N Z E R O 
1 F O R M A T S I N T R A L * * 4 1 6 ) 
C 
C M A K E T H I S V E H I C L E T H E C U R R E N T L F A D E R . 
C 
4 9 9 5 J T H L D R = J T H 
I B L D R = I B N E W 
C 
C . . . . . R E T U R N T O T O P A N D L O O K A T N E X T R L O C K . 
C 
5 0 0 0 C O N T I N U E 
C 
C A N O T H E R L A N E * 
C 
I F ( L A N E . L T , L K L A N S ( K T H ) ) G O T O 1 0 0 0 
6 0 0 0 C O N T I N U E 
R E T U R N 
E N D 
S U B R O U T I N E M O V E F F ( N T H ) 
C 
c T H I S S U B R O U T I N E M O V E S V F H I C L E S TN A 4X4 I N T E R S E C T I O N . 
C T H E R E D O R A M B E R V E H I C L E S A R E C H E C K E D F I R S T , T H F N 
c T H O S E F A C I N G A G R E E N L I G H T , 
C 
I N C L U D E D E F I N S 
I N T E G E R O R D E R , L E F T S Q , P O S » S T R T S O 
D I M E N S I O N 0 R D E R ( 4 » 2 ) » L E F T S Q ( 5 » 4 ) » S T R T S 0 ^ f 2 » 4 ) 
D A T A O R D E R / l . 3 » 2 » 4 , 2 . 4 » 1 » 3 / 
D A T A L E F T S Q / 3 » 7 , U » 4 , 8 » 5 » 6 , 7 » 1 » 2 » lu» 10»6» 13»9» 1 2 1 1 1 1 1 n » 16» 15 / 
D A T A S T R T S Q / 9 r i n » 1 1 . 1 2 r 1 3 » l u , 1 5 » 1 6 r 1 5 » l l » 7 » 3 r 1 6 » 1 2 » 8 » 4 » 
1 8 . 7 » 6 » 5 » 4 » 3 » p » l » 2 » 6 » l n » 1 4 » l r 5 » 9 ' l 3 / 
C 
C SETUP TO GET REn AND AMRER F IRST. 
C 
ITH = NOSIG(NTH) 
I F ( S I G S T A ( I T H , 1 ) - 1 ) l 0 » 2 0 » 3 0 
10 J = 2 
GO TO 50 
20 J = 1 
GO TO 50 
30 I F ( S I G S T A ( I T H » 2 ) - ? ) 2 0 ' 1 0 » 2 Q 
50 IBASE = NOFSTR(NTH) - 1 
C 
C T A K E E A C H A P P R O A C H L I N K A N D L O O K F O R C A R S F R O M 
C T H A T L I N K I N T H E I N T E R S E C T I O N . 
C 
DO 1 0 0 0 I = l » 4 
IARM = 0RDER ( I»J) 
KTH = NOINP(NTH r I ARM) 
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C 
I B N E W = iBHOLnILKDEST(KTH»3)) 
I F ( I B N E W .EQ. 0) GO TO 75 
CALL HOLDIN(JTH»lRNEW»IB»0) 
GO TO 100 
75 CALL UPDATVUTH'0 .0 ) 
NO = 0 
C * * * * WRlTE(6rl) J T H . I B » I B » N O 
1 FORMAT(• M0VEFF«»4I5> 
C 
C NEXT LOOK AT LEFT TURNS WHICH HAVE BEGUN TO MOVE 
C OR ARE READY TO START. 
C 
100 LPOS = 0 
C 
C FIRST SQUARF. 
C 
I B = IBASE + LEFTSQ( l t lARM) 
I F ( B L K A R Y ( I B ) .EQ, 0) GO TO l ] 0 
JTH = BLKARY(TB) 
I F ( V L K U T H ) . N E . KTH) GO TO ir>7 
IBNEW = iBHOLnILKnEST(KTH»1)) 
IFCIBNEW .EQ. 0) GO TO 105 
C A L L HOLDIN(JTH' lRNEWfIB»0) 
GO TO 130 
105 C A L L UPDATV(JTH»0»0) 
NO = 0 
C * * * * WRITE(6»1) J T H ' I B . I B ' N O 
L P O S = 1 
GO TO 130 
107 LPOS = 1 
C 
C C H E C K S E C O N D S Q U A R E . 
C 
110 I B = I B A S E + L E F T S Q < 2 » I A R M ) 
I F ( B L K A R Y U B ) .EQ. 0) GO TO 13O 
JTH = BLKARY(IB) 
I F ( V L K ( J T H ) . N E . KTH) GO TO i p 5 
IFCLPOS .EO. D GO TO 105 
IF (VASP(JTH) .GT . 0) GO TO l ? n 
115 IBNEW = IBASE + L F F T S o ( 1 • I ARM) 
BLKARY(IB) = 0 
BLKARY(IBNEW) = JTH 
CALL UPDATV(JTH' l tO) 
N l = 1 
C » * * * yvRlTE(6»l) J T H » I B » I B N E W » N 1 
LPOS - 1 
GO TO 130 
120 IBNEW = lRHOLD(LKnEST(KTH' l ) ) 
IF(IBNEW .EQ. 0) GO TO 115 
CALL H O L D I N ( J T H »iRNEWr I B * 1 ) 
C F I R S T G E T R I G H T T U R N S . 
C 
I B = I B A S E • S T R T S Q ( 1 # 2 . I A R M ) 
I F ( B L K A R Y ( I B ) . E Q . 0) G O T O inO 
J T H = B L K A R Y ( I B ) 
I F ( V L K ( J T H > . N E . KTH .OR. V T U R M ( J T H ) , N E . 3) G O T O InO 
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G O T O 130 
125 L P O S = 1 
C 
C CHECK FIRST TWO SQUARES OF INTERSECTION FOR TRAFFIC 
C FROM OPPOSING L I N K . 
C 
IBCHK = IBASE • LFFTSft(4»IARM) 
JTHCHK = B L K A R Y ( I B C H K ) 
IF(JTHCHK .EQ. 0) GO TO 140 
IF(VLK(JTHCHK) . E o . L K O P O S ( K T H ) ) GO TO 1**5 
140 IBCHK = IBASE • LEFTSO(5,IARM) 
JTHCHK = BLKARY(IBCHK) 
IF(JTHCHK .EQ. 0) GO TO 142 
IF(VLK(JTHCHK) .EO. LKOPOS(KTH)) GO TO 1**5 
C 
C OK TO MOVE VEHICLE INTO TURNING AREA. 
C 
142 NUM = VASP(JTH) + 1 
IBNEW = IBASE + LFFTSO(3-NUM,IARM) 
BLKARY(IB) = 0 
BLKARY(IBNEW) = JTH 
C * * * * WRITE<6,1) JTH»iBt IBNEW»NUM 
CALL UPDATV(JTH»NUM,0) 
GO TO 150 
145 CALL UPOATV(JTH»0»0) 
NO = 0 
C * * * * WRITE(6»1) J T H » I B # I B » N O 
150 CONTINUE 
C 
C LEFT IN MAIN FLOW TREATED WITH STRAIGHT TRAFFIC. 
C 
DO 400 LANE=1,2 
JTHL = 0 
DO 400 P0S=4»1»-1 
I B = IBASE + S T R T S Q ( P 0 S » L A N E » I A R M ) 
I F ( B L K A R Y ( I B ) .EQ. 0) GO TO unO 
JTH = BLKARY(lb) 
I F ( V L K ( J T H ) . N E . KTH) GO TO 390 
I F ( J T H L ) 3 8 0 , 2 1 0 . 2 5 0 
C 
C NO LEADER FOUND. 
C 
210 IF(VTURN(JTH)«2) 2 l l » 2 l 5 » 4 0 0 
C 
C LEFT TURN VFHICLES. 
211 IF (P0S .EO. 3) GO TO 212 
c 
C . . . . . NOW C H E C K T U R N I N G P O I N T . 
C 
130 I B = I B A S E + L E F T S Q ( 3 » I A R M ) 
I F ( B L K A R Y ( I B ) . E Q . 0) G O T O 1s0 
J T H = B L K A R Y ( I B ) 
I F ( V L K U T H ) . N E . K T H . O R . V T U R N ( J T H ) . N E . 1) GO TO 1*0 
I F ( L P O S . E Q . 1) G O To 145 
C A L L G A P C H K ( L K O P O S U T H ) » K 0 U T , N T H . I T H . 2 - M 0 D ( I A R M » 2 ) ) 
I F ( K 0 U T . E Q . D GO T O 145 
C 
156 
NUM = 1 
GO TO 220 
212 JTHL = JTH 
LPOS = POS 
GO TO 400 
C 
C STRAIGHT VEHICLES. 
C 
215 NUM = V A S P(JTH) 
IF(NUM .LT. VDSPUTH) .AND. VSTATE(JTH) »NE« 1) NUM = NUM • 1 
IF(NUM+P0S .GT. 4) GO TO 225 
220 IBNEW = IBASE + STRTSo(P O S + N U M » L A N E»IA R M ) 
BLKARY(IB) = 0 
BLKARY(IBNEW) = JTH 
CALL UPDATV(JTH»NUM»0) 
C**** WRITE<6»1) JTH»IB»IBNEW 'NUM 
JTHL = JTH 
LPOS = POS 
GO TO 400 
225 IBNEW = IBHOLD(LKOEST(KTH»2)) 
IF(IBNEW .NE. 0) GO TO 230 
NUM = 4 - POS 
GO TO 220 
230 CALL H0LDIN(JTH»IRNEW»IB»4-P0S) 
GO TO 400 
C 
C LEADER IS PRESENT. 
C 
250 NGAP = LPOS - POS - 1 
IF(NGAP .EQ. 0) GO TO 380 
lF(VTURN(JTH)-2) 211.260*400 
260 C A L L ADVCHK ( J T H » J T H L»NGAP»NUM) 
IF(NUM .EO. 0) GO TO 380 
GO TO 220 
380 JTHL = JTH 
LPOS = POS 
NO = 0 
C**** WRITE<6,1) J T H » I B » I B » N O 
C A L L UPDATVCJTH»0»0) 
GO TO 400 
C 
C LEADER IS PRESENT FROM ANOTHER LINK. 
C 
390 LPOS = POS 




E N D 
SUBROUTINE MOVETT(NTH) 
C 
C THIS SUBROUTINE MOVES VFHlCLES *;HlCH ARE IN A 
C TWO BY TWO INTERSECTION. YOU ARE LOOKING AT 
C THE NORTH WEST SQUARE OF THE INTERSECTION AND 




c * * 
c 4 
c • * 
c * * * * * * 
c 
c 1 3 
c 
c * * * * 
c * 
c * 2 * 





c L O C A L A R R A Y S 
c 
DIMENSION l A R M ( 4 , t . ) , I R 1 3 ( 4 ) 
DATA I B 1 3 / 2 # - l * l , - 2 / 
DATA I A R M / I » 4 . 2 * 3 . 2 » l r 3 » 4 # 3 » 2 . 4 * l » 4 * 3 # l ' 2 / 
C 
C SET UP A BASE FOR REFERENCING THE BLOCK A R R A Y * 
C 
IBASE = NOFSTR(NTH) - 1 
C 
C CONSIDER EACH SoUARE OF INTERSECTION 
C 
DO 2000 I S Q U A R = 1 * U 
C 
C FIND OUT I F THERE I S A VFHICLE IN THAT SQUARE* »ND 
C IF NOT GO TO NEXT SQUARE. 
I B = IBASE + ISQUAR 
JTH = BLKARY(IB) 
I F (JTH . E Q . n) 00 TO 2000 
IFUMOVE(JTH) .EQ. 1) GO TO 2000 
C 
C FIND OUT WHTCH ARM VEHICLE IS F R O M AND BRANCH. 
C 
KTHOLD = VLK(JTH) 
I3ARM = I A R M ( I S Q UAR » 3 ) 
IF(NOlNP(NTH»I3ARM) . E Q * KTHOLD) GO To 1 0 0 l 
I4ARM = I A R M ( I S Q UAR » 4 ) 
I F ( N O l N P ( N T H » I 4 ARM ) .EQ* KTHOLD) GO To 1500 
I2ARM = IARM(ISQUAR»2) 
IF(NOlNP(NTH»12ARM) . E Q * KTHOl D) GO To 1300 
C 
C I F THESE TESTS FA IL AN ERROR HAS OCCURRED 
C 
CALL DUMP(JTH.»M0VETT»* , N0INP?*.57) 
C 
C 
C VEHICLE HAS COME FROM INPUT 3 
C 
1001 IFCVTURN(JTH) .EQ. 1) GO TO i ? 0 0 
C 
C INPUT 3 STRAIGHT TRAFFIC 
KTHNEW = LKDEsT(KTHOLD* 2) 
158 
C 
NOMOVE = 0 
G O T O 1960 
C 
C 
C V E H I C L E H A S C O M E F R O M I N P U T 4* R R A N C H ON T U R N I N G M O V E M E N T * 
1500 K = V T U R N ( J T H ) 
G O T O (1700*1600,1550)* K 
C 
C I N P U T 4 R I G H T T U R N . C H E C K H O L D I N G A R E A 
1550 KTHNEW = LKDEST(KTHOLD'3) 
IBNEW = UKFSTR(KTHNEW) • LKLNG(KTHNEW) 
C 
C CHECK HOLDING SPACE 
IBNEW = LKFSTB(KTHNEW) • LKLN6(KTHNEW) 
C 
C ..... IF HOLDING AREA NOT AVAILABLE* GO TO 1975. 
IF(BLKARY(IBNEW) .NE. 0) GO TO 1975 
C . 
C OTHERWISE MOVE TO HOLDING A R E A . 
NOMOVE = 0 
GO TO 1960 
C 
C INPUT 3 LEFT TURN. IF SQUARE 3 NON EMPTYr NO MoVE POSSIBLE. 
1200 IBCHK = IR13<TSQUAR) + I B 
I F ( B L K A R Y U B C H K ) .NE. 0) GO TO 1975 
C 
C ..... NEXT CHECK APPOSING TRAFFIC SKIP C H E C K IF NO LINK. 
KTHOPO = LKOPOS(KTHOLD) 
IFCKTHOPO .EQ. 0) GO TO 1250 
CALL GAPCHK(KTHOPO*KOUT*NTH*NOSlG(NTH)»2-M0D(I3ARM»2)) 
C 
C ..... IF GAP NOT RIG ENOUGH* WAIT 
IF(KOUT .NE. 0) GO TO 1975 
C 
C NEXT CHECK HOLDING AREA. 
1250 KTHNEW = LKDEST(KTHOLD'1) 
IBNEW = LKFSTR(KTHNEW) + LKLNG(KTHNEW) 
C 
C IF HOLDING AREA NOT AVAILABLE* WAIT 
IF(BLKARY(IBNEW) .NE. 0) GO TO 1975 
C 
C OK TO TURN. ADVANCE T o SQUARE 3. 
GO TO 1965 
C 
C 
C ..... VEHICLE HAS COME FROM INPUT 2 AMD IS TURNING LEcT. 
C 
1300 KTHNEW = LKDEST(KTHOLD*1) 
C 
C CHECK HOLDING AREA. 
IBNEW = LKFSTB(KTHNEW) + LKLNG(KTHNEW) 
C 
C IF HOLDING AREA BLOCKED, WAIT. 
IF(BLKARYdBNFW) .NE. 0) GO TO 1975 
C 
C OTHERWISE MOVE To HOLDING AREA. 
C . . . . . IF AREA BLOCKED, WAIT. 
IF(BLKARY(IBNFW) . N E . 0) 60 TO 1 9 7 5 
C 
. C MOVE TO HOLDING AREA. 
NOMOVE = 0 
GO TO 1 9 6 0 
C 
C INPUT <• STRAIGHT MOVEMENT. CHECK SQUARE 3 AND SoEED. 
1 6 0 0 IBCHK = IB13(ISQUAR) + IB 
I F ( B L K A R Y ( I B CHK ) . N E . 0 ) GO TO 1 9 7 5 
IF(VASP(JTH) . L T . 1) GO TO lQf.5 
C 
C NEXT CHECK HOLDING AREA. 
KTHNEW = LKDEST(KTHOLD*2) 
IBNEW = LKFSTR(KTHNEW) + LKLNG(KTHNEW) 
C 
C IF AREA BLOCKED, ADVANCE TO SQUARE 3 
IF(BLKARY(IBNEW) . N E . 0) GO TO 1 9 6 5 
C 
C MOVE V E H I C L F THROUGH ONE BLOCK TO HOLDING AREA. 
NOMOVE = 1 
GO TO 1 9 6 0 
C 
C INPUT <• LEFT TURN. CHECK SQUARE 3 . 
1 7 0 0 IBCHK = IR13(TSQUAR) + IB 
I F ( B L K A R Y ( I B CHK ) . N E . 0) GO TO 1 9 7 5 
6 0 TO 1 9 6 5 
C 
C OK TO MOVE VEHICLE TO HOLDING AREA OF DESTINATION. 
C 
1 9 6 0 CALL HOLDIN(JTH»IRNEW,IBrNOMOVE) 
60 TO 2 0 0 0 
C 
C ADVANCE ONE SQUARE COUNTERCLOCKWISE. C 




Nl = 1 
C**** WRiTE<6rl) JTH'IB»IBNEW,N1 
6 0 TO 2 0 0 0 
C 
C NO MOVEMENT WAS POSSIBLE. 
C 
1 9 7 5 CALL UPDATV(JTHrO»0) 
NO = 0 
C * * * * WRITE(6»1) JTH»lB»IBrNO 
1 FORMAT (• MOVETT1 r i * I 6 > 





C THIS FUNCTION 6ENERATES UNIFORMLY DISTRIBUTED 
C RANDOM NUMBFRS R E T W E E N n AND 1 
160 
ISEED=ISEFD*185333 






C THIS SUBROUTINE DOES THE FINAL SETUP ON ALL DAT* 




C FOR EACH NODE 
DO 2000 N T H=1,N U M N O S 
IF(N0TYPE(NTH) .GT. 2) GO TO isOO 
IFCNOTYPE(NTH) .EG. 2) GO TO 13OO 
C 
C GENERATE NOnES» SET TIME OF FIRST ARRIVAL. 
NOPARS(NTH»D = 3600. / NOPARS(NTH*1) 
DO 1001 Irl,100 
1001 A = RNKISEED) 
NOSEED(NTH) = ISEFD 
NOCLK(NTH) = TBAGFN(NTH) 
C 
C FIND LINK TO PUT VEHICLES ON. 
DO 1100 KTH=1,NUMLKS 
IF(NONXT(NTH»1) .FQ. LKID(KTH,?) .AND. NOlDNO(NTH) .EO. LKlD(KTH»l 
1)) GO TO 1110 
1100 CONTINUE 
CALL DUMP (KTH, * SETUP • * 'DOHOO»»1> 
1110 NOOUTP(NTH) = KTH 
C 
C ..... IF GENERATE ONLY SKIP To NEXT NODE. 
C 
IFCNOTYPE(NTH) .EO. 1) GO TO 2000 
C 
C" ..... FIND INDEX TO LINK POINTING AT THIS NODE. 
C 
1300 CONTINUE 
DO 1350 KTH=1,NUMI.KS 
I F ( N O N X T ( N T H » 1 ) .FQ. LKlD(KTH.l) .AND. NOlDNO(NTH) . E O . L K I D ( K T H > 2 > > 
1)) GO TO 1360 
1350 CONTINUE 
CALL DUMP(KTH,'SETUP '•'D01350••1> 
1360 NOINP(NTH.l) = KTH 
GO TO 2000 
C 
C INTERNAL NODES 
C 
1500 CONTINUE 
IDNTH = NOlDNO(NTH) 
ITH = NOSIG(NTH) 
C 
C T A K E E A C H L I N K A N D S E E I F I T I S C O N N E C T E D T O T H T S 
C N O D E . 
C 
DO 1600 KTH=1,NUMLKS 
C C H E C K F O R IuPUT T O T H I S N O D E . 
I F ( L K I D ( K T H , 2 ) . N E . InNTH> G O T O 1 6 0 0 
C 
C OK» NOW F I N O O U T W H E R E I T C A M E F R O M . 
DO 1 5 2 0 1 = 1 , 4 
I F I L K I D ( K T H , 1 ) . E O . N O N X T ( N T H , I ) ) GO T O 1 5 2 5 
1 5 2 0 C O N T I N U E 
C A L L D U M P ( N T H , ' S E T U P • » ' D 0 1 5 2 0 • » 1 ) 
1 5 2 5 N 0 I N P ( N T H , I ) = K T H 
I F ( I T H . N E . 0 ) S T G I N P ( I T H , I ) r KTH 
1 6 0 0 C O N T I N U E 
2 0 0 0 C O N T I N U E 
C 
C F O R E A C H L I N K F I N D THE D E S T I N A T I O N S . 
DO 3 0 0 0 K T H = 1 , N U M L K S 
DO 2 5 0 0 1 = 1 , 3 
I F ( L K D E S T (K T H , I ) . E Q . 0 ) G O TO 2 5 0 0 
DO 2 4 0 0 K T H C H K = 1»NUMLKS 
I F ( L K I D ( K T H C H K » 2 ) . N E . L K D E S T ( K T H » I ) ) GO T O 2 4 0 0 
I F ( L K I D ( K T H C H K » 1 ) . N E • L K l D ( K T H » 2 ) ) G O T O 2 4 0 0 
L K D E S T ( K T H » I ) = K T H C H K 
GO T O 2 5 0 0 
2 4 0 0 C O N T I N U E 
2 5 0 0 C O N T I N U E 
3 0 0 0 C O N T I N U E 
R E T U R N 
E N D 
S U B R O U T I N E S I G C H K * 
C 
C T H I S S U B R O U T I N E C H E C K S T H E S I G N A L S E T T I N G S T O 
C S E E I F A C H A N G E I S N E C E S S A R Y . 
C 
I N C L U D E D E F I N S 
DO 2 0 0 0 I T H = 1 , N U M S I G 
DO 1 9 9 9 1 = 1 , 2 
C 
c F I R S T C H E C K T H E S I G N A L ' S C L O C K . 
C 
I F ( S I G C L K ( I T H , I ) . G T . C L O C K ) G O T O 1 9 9 9 
C 
C B R A N C H B A S E D ON O L D S T A T F . 
C 
I F ( S I G S T A ( I T H , I ) - 1 ) j 1 0 0 » 1 2 0 0 » 1 3 0 0 
C 
C O L D S T A T E W A S G R E E N ' C H A N G E T O A M B E R . 
1 1 0 0 S I G S T A ( I T H » I ) = 1 
S I G C L K ( I T H » I ) = S T G C L K d T H , I ) + A M B E R T 
GO T O 1 9 9 9 
C 
C O L D S T A T E W A S A M B E R , C H A N G E TO R E D . 
1 2 0 0 S I G S T A ( I T H » D = 2 
S l G C L K ( I T H , I ) = S l G C L K < I T H , I ) + S l G R E D ( I T H » I ) 
GO T O 1 9 9 9 
C 
C O L D S T A T E WAS R E D , C H A N G E T O G R E E N . 
1 3 0 0 S I G S T A ( I T H » D = 0 
S I G C L K ( I T H » I > = S I G C L K U T H » I > • S l G G R w ( I T H , I ) 
C C H E C K Q U E U E L E N G T H S ON I N P U T S W H I C H W E R E R E D . 
C 
D O 1 5 0 0 I p = l » 2 
I I = I • 2 * ( I P - 1 ) 
K T H = S I G I N P ( I T H » I I ) 
C 
C C H E C K F I R S T L A N E F O R Q U E U E . 
C 
I B 1 = L K F S T R ( K T H ) 
I B 2 = I B 1 + L K L N G ( K T H ) - 1 
L Q = 0 
DO 1 4 2 0 I B = 1 B 2 » I B 1 » - 1 
J T H = B L K A R Y ( I B ) . 
I F ( J T H . E O . 0 ) G O T O 1 4 2 0 
I F ( L Q . N E . 0 ) G O T O 1 4 1 0 
I F U A S P ( J T H ) . N E . 0 ) G O T O 1 4 2 0 
1 4 1 0 L Q = L Q • 1 
1 4 2 0 C O N T I N U E 
I F ( L Q . G T . L K M A X Q ( K T H , D ) L K M A X Q U T H , 1 ) = L Q 
I F ( L K L A N S ( K T H ) .Eo. 1 ) G O T O 1 5 0 0 
C 
C I F TWO L A N E S * C H E C K T H E S E C O N D I A N E F O R Q U E U E * 
C 
I B 1 = I B 2 + 1 
I B 2 = I B 2 + L K L N G ( K T H ) 
L Q = 0 
D O 1 4 7 0 I R = I B 2 » I B 1 * - l 
J T H = B L K A R Y ( I B ) 
I F ( J T H . E O . 0 ) G O T O 1 4 7 0 
I F ( L Q . N E . 0 ) G O T O 1 4 6 0 
I F U A S P ( J T H ) , N E . 0 ) G O T O 1 4 7 0 
1 4 6 0 L Q = L Q + 1 
1 4 7 0 C O N T I N U E 
I F ( L Q . G T . L K M A X Q ( K T H * 2 ) ) L K M A X Q ( K T H * 2 ) = L Q 
1 5 0 0 C O N T I N U E 
1 9 9 9 C O N T I N U E 
2 0 0 0 C O N T I N U E 
C * * * * W R I T E ( 6 » 1 ) C L O C K * C ( S I G S T A ( I 1 * I ? ) * I 2 = 1 , 2 ) » I 1 = 1 » N U M S I G ) 
1 F O R M A T ( / / / » » C L O C K » , I 9 * » S I G N A L S : ' » 2 0 ( I X , 2 1 2 ) ) 
R E T U R N 
E N D 
F U N C T I O N S P D D I S ( I S E E D ) 
D I M E N S I O N A R Y ( 4 ) * 
D A T A A R Y / 0 . 0 7 * 0 . 9 7 * l . n / 
X = R N K I S E E D ) 
D O 1 0 0 I = 2 » 4 
I F ( A R Y ( I ) . G E . X ) G O T O 2 0 0 
1 0 0 C O N T I N U E 
2 0 0 S P D D I S = I 
R E T U R N 
E N D 
S U B R O U T I N E S T A T ( K ) 
C 
C T H I S S U R R O U T I N E C L E A R S T H E S T A T I S T I C S A F T E R W A R M U P 






C . . . . . I F F IN ISH* GO TO 1 0 0 0 
I F ( K . E Q . 2) GO TO 1000 
DO 200 KTH = 1 ' N U M L K S 
DO 100 I = l » 2 
L K M A X Q ( K T H » I ) = 0 
L K S T O P ( K T H ' I ) = 0 
LKDEL<KTH»I> = 0 
100 L K V L C K T H ' I ) = 0 
DO 200 1 = 1 ,3 
LKDELD(KTH' I ) = 0 
200 LKVD(KTH, I ) = 0 
RETURN 
C 
C PRINT THE STATISTICS IN THIS SECTION. 
C 
1000 TOTIM = F I N I S H - WARMUP 
WRITE(6»1) 
1 F 0 R M A T ( 1 H 1 , 2 1 X » * V F H I CLE C O U N T » , 1 5 X , » VFH I C LE V O L U M E 2 1 X . 
1 'VEHICLE DELAY•,14X»'DELAY P F R V E H I C L E * • / » • LINK LANEs 
2 *LANE 1 LANE ? TOTAL LANE 1 LANE 2 TOTAL ' , 
3 12X»'LAME 1 LANE 2 TOTAL LANE 1 LANE 2 T O T A L ' , / ) 
DO 1100 KTH=1,NUMLKS 
L K V T O T = L K V L ( K T H . l ) + LKVL(KTH»2) 
LKVOL1 = L K V L ( K T H . l ) * 3600 / TOTIM 
LKV0L2 = LKVL(KTH»2) * 3600 / TOTIM 
L K V O L T = LKVOi 1 + LKV0L2 
L K D E L T = L K D E L ( K T H » 1 ) + LKDEL(KTH»2) 
DELVL1 = L K D E L ( K T H » 1 ) / F L O A T ( L K V L ( K T H , 1 ) > 
DELVL2 = LKDEL(KTH»2) / F L O A T ( L K V L ( K T M » 2 ) ) 
D E L V L T = L K D E L T / F L O A T < L K V L ( K T H » 1 ) + LKVL(KTH»2)) 
1100 W R I T E < 6 , 2 ) K T H » L K l A N S ( K T H ) » L K V L ( K TH» 1 ) » L K V L ( K T H » 2 ) r L K V T O T , 
1 LKV0L1»LKV0L2»LKV0LT»LKDEL(KTH»1)»LKDEL(KTH»2)»LKDELT» 
2 DELVL1tDELVL2»DFLVLT 
2 F 0 R M A T ( I 4»4X» I 2 » 2 ( 1 X » 3 I 9 ) » 9 X , 3T9 , 2 X » 3F9 . 2 ) 
W R I T E < 6 , 3 ) 
3 F 0 R M A T ( / / / » m x » ' V F H I C L E S T O P S ' , 1 I X , ' M A X QUEUES* »14X • 'TURNS' * 
1 19X»'TURN D F L A Y • » 1 4 x » 'TURN nFLAY PER V E H I C L E * * / , 
2 • LINK LANE 1 LANE 2 TOTAL LANE 1 LANE 2 LEFT* , 
3 • S T R A I G H T RIGHT LEFT S T R A I G H T RIGHT L E F T * , 
4 • S T R A I G H T R T G H T * » / ) 
DO 1200 KTH=1.NUMLKS , 
LKSTOT • = LKSToP(KTHr l ) + LKSTOP(KTH,2) 
DELVL1 = LKDEl.D(KTH» 1) / LKVD(KTH»1) 
DELVL2 = LKDELD(KTH»2) / L K V D ( K T H » 2 ) 
DELVL3 = LKDEl.D(KTH»3) / L K V D ( K T H , 3 ) 
1200 WRITE(6»4) KTH»LKSTOP(KTH»1)»LKST0P(KTH»2)»LKSTOT»LKMaXO(KTH»1)» 
1 LKMAXQ(KTH»?)t ( IKVD(KTH»D , 1 = 1 ,3 ) , (| K D E L D ( K T H , I ) , 1 = 1 , 3 ) , 
2 DELVL1»DELVL2»DFLVL3 
4 F O R M A T (14.3<<+X» 15) » 6 X , 1 2 » 7 X • I ? , 2 X , 3 ( 3 x , 15) »2(4X»16) • 3 X • 1 6 . 
1 2 X » 3 ( 1 X » F 8 . 2 ) ) 
5 F0RMAT( / / , 23H I N T E R S E C T I O N ID NUMBER, T4»/»12H0INPUT LTNKS,6X, 
1 14HVEHICLE VOLUME,1 OX»9HMAX QUEUE»1lX,13HVEHICLE DFLAY,12X, 
2 1 7 H D E L A Y PFR V F H I C L E » / » 1 4 X . ? 2 H L A N E 1 LANE 2 T0TAL,4x» 
3 14HLANF 1 LANF 2,2C*»X»22HLANE 1 LANE 2 T O T A L ) , / ) 
164 
6 F0RMAT(I7.4X»?I8.T9»2T8»3X»2lg,I9»2X#?F8.2,F9.2) 
r FORMAT ( 3 0 X»6H » 6 4 X » 6 H — - » / » 2 1 M TOTAL INTERSECTION » 
1 8HV0LUME = » I 7 » 2 3 X , 4 0 H A V E R A G E INTERSECTION DELAY PFR VEHICLE =» 
2 F 7 . 2 ) 
8 FORMAT(/////» 3 2 H AVERAGE LINK DELAY FoR SYSTEM = F 7 « 2 ) 
9 F0RMAT(29HlINTERSFCTION OUTPUT SUMMARY.* 
W R I T E < 6 » 9 ) 
NToT = 0 
NDTOT = 0 
DO 1275 NTH=l,NUMNOS 
IF(NOTYPE(NTH) .LT. 3) GO T o 1275 
NlNT = 0 
NDEL = 0 
W R I T E ( 6 t 5 ) NOIDNO(NTH) 
ITH = NOSIG(NTH). 
DO 1250 Il=l»4 
KTH = SIGINP<TTH,II) 
LKVTOT = LKVL(KTH»1) + LKVL<KTH»2) 
NlNT = NlNT + LKVTOT 
LKDELT = LKDEL<KTH»1) + LKDEL(KTH»2) 
NDEL = NDEL + LKDFLT 
DELVLl = LKDEL ( K T H » 1 ) / FLOAT(LKVL (KTH» 1 > ) 
DELVL2 = LK0EL ( K T H»2) / F L 0 A T ( L K V L ( K T H » 2 > > 
DELVLT = LKDELT / FLOAT(LKVTOT) 
1250 WRITE(6»6) K T H » L K V L ( K T H » D » L K V L ( K T H » 2 ) » L K V T O T » L K M A X Q ( W T H M ) » 
1 LKMAXO(KTHr2)»LKDEL(KTHr1)»LKDEL(KTH»2)»LKnELT» 
2 DELVLl.DELVL2*DELVLT 
NTOT = NTOT + NlNT 
NDTOT = NDTOT • NDEL 
DEL = NDEL / FLOAT(NlNT) 
WRITE<6»7) NlNT»DFL 
1275 CONTINUE 
DEL = NDTOT / FLOAT(NTOT) 





C ..... PERIOD RY PERIOD OUTPUT GENERATOR• LKSOUT IS A N ARRAY 
C TELLING THE DESIRED OUTPUT LINKS. 
C 
INCLUDE DEFINS 
DIMENSION LKSOUT(u),N1 (4)»AVGl(4)»Xl(u)'Ll (4) tLL1(4)»LSlU)»LR1(4) 
1 »DELI(4)» NL1(4)»NS1(4)»NR1 ( 4 ) » D E L Y 1(4) , 
DATA LKSOUT / 1 » 5 » 0 » 0 / 
PARAMETER N=2 
G O T O ( 1 0 » 2 0 ) . I 
1 0 CONTINUE 
C**** WRITE ( 6»4) 
D O 1 5 I I = 1 » N 
L 1 ( I I ) = 0 
D E L 1 ( I I ) = 0 
L L 1 ( I I ) = 0 
L S 1 ( I I ) = 0 
1 5 L R K I I ) = 0 
RETURN 
C**** fcRITE(6»l) CLOCK»NUMVEH 
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2 0 C O N T I N U E 
DO 3 0 I I = 1 » N 
MM = L K S O U T ( I I ) 
L I P = L K V L ( M M . l ) + L K V L < M M » 2 ) 
N 1 ( I I ) = L 1 P - L l d T ) 
L K I I ) = L 1 P 
N L 1 ( 1 1 ) = L K V D ( M M » 1 ) - L L 1 ( 1 1 > 
L L 1 ( I I ) = L K V D ( M M » 1 ) 
N S 1 ( I I ) = L K V 0 ( M M » 2 ) - L S 1 ( I D 
L S I ( I I ) = L K V D ( M M » 2 ) 
N R 1 < I I ) = L K V 0 ( M M » 3 ) - L R 1 ( I D 
L R K I I ) = L K V Q ( M M » 3 ) 
I D E L P = L K D E L ( M M • 1 ) • L K D E L < M M , 2 ) 
O E L Y 1 ( I I ) = I 0 E L P - D F L 1 ( I I ) 
D E L 1 ( I I ) = I D E L P 
A V G 1 ( I I ) = D E L Y 1 ( I I ) / N 1 ( I I ) 
X K I D = I D E L P / F L 0 A T ( L 1 P ) 
C * * * * * R I T E ( 6 » 2 ) L lP» <LK\ /D(MM» J ) »J=l , 3 ) » 
C * * * * l I D E L P » X 1 ( I I ) » N 1 ( I I ) , N L 1 ( I I ) , N S 1 ( I I ) . N R K I I ) » A V G 1 ( I I ) 
3 0 C O N T I N U E 
P U N C H 3 » C L O C K » N U M V £ H » ( ( N l ( 1 1 ) » A V G l ( I I ) » X I ( 1 1 ) ) , 1 1 = 1 » N ) 
R E T U R N 
1 F 0 R M A T ( / » 9 H C L O C K = » I 7 » 1 3 H N U M V E H = 'I7) 
2 F O R M A T ( 1 0 X » l 6 » 3 I 5 » I 8 » F l 0 . 2 » I l n » 3 l 5 » F 8 . 2 ) 
3 F 0 R M A T ( I 7 » I 5 » 4 ( I 5 » 2 F 6 . 1 ) ) 
4 F O R M A T ( 1 H 1 » 1 2 X » 1 0 H C U M U L A T I V E # 1 A X » 7 H C U R R E N T , 7 X • 1 1 H L A S T P E R I O D , / , 
1 1 3 X » 2 5 H V 0 L L F S T R T DFLAY17X13HM0E » 7 X t 
2 2 5 H V O L L F S T R T D E L / V ) 
E N D 
F U N C T I O N T B A G F N ( N T H ) 
C 
C T H I S F U N C T I O N G E N E R A T E S T H E T I M F B E T W E E N A R R I V A L S 
C A T T H E N T H N O D E . A N E X P O N E N T I A L T I M E B E T W E E N 
C A R R I V A L S I S A S S U M E D . 
C 
I N C L U D E D E F I N S 
T B A G E N = - A L 0 G ( R N 1 ( N O S E E D ( N T H ) ) ) * N O P A R S ( N T H » 1 ) 
R E T U R N 
E N D 
SUBROUTINE TERMlN(JTH• IB) 
C 
C THIS SURROUTINE TERMINATFS VEHICLES THAT ARE 
C LEAVING THE NETWORK. 
C 
INCLUDE DEFINS x 
C 
c F I R S T Z E R O R L O C K ON L I N K . 
BLKARY(IB) = 0 
C 
C THEN GET COUNT FOR VOLUMF CHECK. 
C 
LANE = VLAN(JTH) 
KTH = VLK(JTH) 
LKVL(KTH»LANE) = I KVL(KTH»LANF) + 1 
C 
C NEXT ZERO DFSIRED SPEED AND LINK NUMBER. 
C 
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VDSP(JTH) = 0 
VLK(JTH) = 0 
VHOLD(JTH) = 0 
VLAN(JTH) = 0 
VTURN(JTH) = 0 
C 
C FINALLY DECREASE NUMBER OF VEHICLES IN THE NETWORK• 
C 
NUMVEH = NUMVFH - 1 
C * * * * WRITE(6#1) J T H ' I B 





C THIS SUBROUTINE UPDATES INFORMATION ON ARRAY FOo 
C EACH VEHICLE. CAN BE USFD TO GATHER STATISTICS 





C DID VEHICLE DECELERATE» STAY AT SAME SPEED OR 










C . . . . . . SAME SPEED. 
C 
20 VSTATE(JTH)=3 
IF(NOBLKM .EQ. 0 .AND. IDUM . N F . 1) VSTATE(JTH)=0 
RETURN 
C 




IF(NOBLKM .NE. 0 .OR. IDUM . E o . 1) RFTURN 
C 
C V E H I C L E H A S D E C E L E R A T E D T O A SToP» 
C 
V S T A T E ( J T H ) = 0 
K T H = V L K ( J T H ) 
L A N E = V L A N ( J T H ) 





C THIS SUBROUTINE SETS MOVF FLAG FOR ALL VEHICLES. 
C 
INCLUDE DEFINS 
DO 1000 JTH=1,MAXVEH 





C THIS SUBROUTINE CHECKS THE CLOCK AT EACH GENERATE 





2 FORMAT(• VEGEN') 
DO 2000 NTH=l,NUMNOS 
IF(NOTYPE(NTH) .GT. 1) GO T o 2000 
C 
C CHECK TO SEE IF READY FOR ANOTHER VEHICLE 
C 
1000 IF (CLOCK .LT. NOCLK(NTH)) GO TO 2000 
C 
C FIND OUT IF HOLDING AREA IS AVAILABLE. 
IBNEW = lBHOLD(NOOUTP(NTH>> 
IF(IBNEW .EQ. 0) GO TO 2000 
C 
C HOLDING AREA READY» FIND AN AVAILABLE VEHICLE. 
C 
1105 CONTINUE 
DO 1110 JTH=1,MAXVEH 
IF(VDSP(JTH) .EQ. 0) GO TO ll?l 
1110 CONTINUE 
CALL DUMP(0 • *VEGEN *»'MAXVEH* »?7) 
C 
C ..... NOW FILL IN HIS PARAMETERS. 
C 
1121 VDSP(JTH) = SPDDIS(ISFED) 
VASP(JTH) = VDSP(JTH) 
VSTATE(JTH) = 3 
NUMVEH = NUMVEH + 1 
C 
C PLACE VEHICl E I N HOLDING AREA 
C 
C**** WRITE(6»1) J T H » I 
1 FORMAT(* NEW VEHICLE' NUMBER *»I4»* VDSp = »»xI2) 
CALL HOLDIN(JTH»IBNEW» 0 »0) 
C 
C COMPUTE TIME OF NEXT ARRIVAL 
C 
NOCLK(NTH) = N O C L K ( N T H ) + TBAGFN(NTH) 
C 
C READY FOR ANOTHER• 
C 






FORTRAN LISTING OF ZONE MODEL 
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D E F I N S P R O C E D U R E 
C 
C S E T U P FoR N O D E S . 
C 
P A R A M E T E R MAXNO=35 
R E A L N O P A R S , N O C L K 
COMMON / N O D E S / N O T D N O ( M A X N O ) » N O T Y P E ( M A X N O > . N O N X T ( M A X N O ' < + ) • 
1 N O S E E D ( M A X N O ) » N O P A R S < M A X N 0 . ? ) . N O O U T P ( M A X N O ) • 
2 N O S I G ( M A X N O ) . N O C L K ( M A X N O ) » N U M N O S 
C 
C S E T U P FOR S I G N A L S . 
c 
P A R A M E T E R MAXSlG=?0 
I N T E G E R A M B E R T » S l G l N P » S l G C Y C • S I G S T A • S T G O F F • SlGGRN* S I G R E D * SlGCLK 
COMMON / S I G / S I G C Y C ( M A X S I G ) • S T O S T A ( M A X S l G » 2 ) » S I G O F F ( M A X S l G » 2 ) » 
1 S I G G R N ( M A X S I G » 2 ) » S I G R E D < M A X S I G » 2 ) » S I G C L K ( M A X S I G » 2 ) » 
2 S I G l N P ( M A X S l G » < t ) « N U M S I G » A M B F R T 
C 
C S E T U P F O R L I N K S . 
C 
P A R A M E T E R M A X L K S=lOO 
R E A L L K P R O B 
COMMON / L I N K S / L K T D ( M A X L K S » 2 ) , L K L N G ( M A X L K S ) » L K L A N S ( M A X L K S ) » 
1 L K F S T B ( M A X L K S ) » L K N O D ( M A X L K S ) , L K N T Y P ( M A X L K S ) » L K O P O S ( M A X L K S ) . 
2 L K A R M ( M A X L K S ) » L K L E F T ( M A X L K S ) , L K P R O B ( M A X L K S » 2 ) » L K D E S T ( M A x L K S * 3^» 
3 NUMLKS 
C 
C S E T U P F O R Z O N E S . 
C 
P A R A M E T E R M A X R L K = 2 0 0 0 
COMMON / B L O C K S / B l . K A R Y ( M A X B L K ) » L E N G T H . N B L K S 
I N T E G E R B L K A R Y 
C 
C G E N E R A L COMMON V A R I A B L E S . 
C N 
I N T E G E R C L O C K • D E L T » F I N I S H * C A P » w A R M U P 
COMMON C L O C K * I S E E D » L I M D C H » D E L T » F I N I S H . C A P » W A R M U P , N U M V E H . I S P E E D 
C 
C S T A T S E T U P . 
C 
COMMON / S T A T / L K D E L ( M A X L K S » 2 ) . L K M A X Q ( M A X L K S • 2 ) » L K V L ( M A X L K S ' 2 ) 
C 
C * * * * * * * * * * * * * * * * S * * * * * c * * 
C * D E F I N I T I O N oF V A R I A B L E S U S E D I N T H E PROGRAM. * 
C * * * * * * * * * * * * * * * * * * * * * 
C * * 
C * * 
C * * 
C * A M B E R T - A M R E R T I M E I N S E C O N D S . 
C * B L K A R Y ( I B ) - ARRAY O F B L O C K S . * 
C * C A P - T H E C A P A C I T Y O F A 7 0 N E . 
C * C L O C K - M A S T E R S I M U L A T I O N C L O C K ( I N S E C O N D S ) . * 
C * D E L T - T H E T I M E STEP ( I N S E C O N D S ) • 
C * F I N I S H - THF C U T O F F TlMF ( I N S E C O N D S ) . 
C * I T H - I N D E X U S E D T O P O I N T T O S P E C I F I C S I G N A L . * 
ISEED - SEED TO THE RANDOM NUMBFR GENERATOR, 
ISPEED - AVFRAGF SPEED I N NETWORK (F E E T PER SECnND>. 
K T H - I N D E X U S E D T O P O I N T T O S P F C I F I C L I N K . 
LENGTH - LENGTH OF A ZONF ( I N FFET). 
LKARM(KTH) - 1 IF MAJOR APPROACH* 2 IF MINOR. 
LKDEL(KTH»1-2) - C U M U L A T I V E LINK DELAY BY LANES. 
LKDEST(KTH,1-3) - LINK D F S T I N A T T O N S : L E F T » S T R » R T G H T . 
LKFSTB(KTH) - LINK'S F IRC^ T BLOCK. 
LKID(KTH»1-?) - S Y M B O L I C I.D. O F T A l L d ) AND HEAD(2) • 
LKLANS(KTH) - NUMBER OF LANES. 
LKLEFT(KTH) - FLAG INDICATING A VEHICLE D E L A Y E D 
MAKING A LEFT TURN. 
LKLNG(KTH) - LINK LENGTH (IN BLOCKS). 
LKMAXQ(KTH»l-2) " MAXIMUM QUEUE LENGTH FOUND BY LANES 
LKNOD(KTH) - INDEX TO NODE AT HFAD OF LINK. 
LKOPOS(KTH) - LINK APPOSING A LFFT TURN. 
LKPROB(KTH»1-2) - C U M U L A T I V E PRoB OF LEFT & S T R . M O V E 
MAXBLK - MAXIMUM POSSIBLE NUMBER OF BLOCKS. 
MAXLKS - MAXIMUM POSSlBLF NUMBER OF LINKS. 
MAXNO - MAXIMUM POSSIBLE NUMBER OF NODES. 
MAXSlG - MAXIMUM POSSIBLE NUMBER OF SIGNALS. 
NBLKS - NUMBER OF BLOCKS IN MODFL* 
NOCLK(NTH) - TIME OF NEXT ARRIVAL AT NTH NODE* 
NOIDNO(NTH) - SYMBOLIC NODE IDENTIFIER. 
NONXT(NTH»1-4) - SYMBOLIC IDENTIFIERS OF ADJ. NODES. 
NOOUTP(NTH) - INDEX TO LINKS TAKING FROM THIS NODE 
NOPARS(NTHr1-2) - PARAMETERS FOR GENERATE NODES. 
NOSIG(NTH) - INDEX TO SIGNAL FOR NTH NODE. 
NOTYPE(NTH) - NODE TYPE: 
0 - BOTH GENERATE AND T E R M I N A T E , 
1 - GENERATE ONLY» 
2 - TERMINATE ONLY. 
4 - TWO WAY STOP' 
5 - F I X E D T I M F C O N T R O L L E D , 
N T H - I N D E X U S E D T O P O I N T T O S P E C I F I C N O D E . 
NUMLKS - N U M B E R OF LINKS IN M O D F L . 
N U M N O S - N U M B E R OF NODES• 
NUMSIG - NUMBER OF SIGNALS. 
NUMVEH - NUMBER OF VEHIci.ES IN NETWORK. 
SIGCLK(lTH»1-2) - SIGNAL CLOCK. 
SIGCYC(ITH) - CYCLE LENGTH OF ITH SIGNAL. 
SIGGRNdTH, 1-2) - GREEN TIME. 
SIGINP(lTH»1-4) - LINKS POINTING AT SIGNAL. 
SIGOFFdTH. 1-2) - OFFSET FOR SIGNAL. , 
SIGRED(ITH,1-2) - RED TIME. 
SIGSTA(ITH,1-2) - STATE OF THE SIGNAL. 
WARMUP - TIME SPENT BEFORE GATHFRlNG STATISTICS. 
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C 






C CALL SETUP TO FINISH DATA MANIPULATION. 
C 
CALL SETUP 
CALL DUMP(0,»DATA »,*CHECK «,n) 
C 
C THE SIMULATION. 
C 
1000 CLOCK = CLOCK + DFLT 
IF(MOD(CLOCK#90).EQ.O) CALL STATA(2) 
wRITE(22) CLOCK»Nl)MVEH 






C THIS I S THE MAIN PROGRAM FOR THF ZONE MODEL. 






NTH - 0 
NBLKS = 1 
ISPEED = 53 
C 
C • RUN PARAMETERS 
C 
READ(5»1) IRUN»INFT»AMBERT,ISEFD»DELT,FINISH»WARMUP 
1 FORMAT( ) 
MODEL = »ZONE» 
WRITE(22) M O D E L * I R U N » I N E T ' I S E E D 
PUNCH 6»IRUN»INET»ISEED 
6 FORMAT('ZONE MODEL IRUN = ' »lu»» INFT = »»I4»« I S E F D = '»I12> 
LIMDCH = DELT / 2 
IF(LIMDCH .LE. 0) L I M D C H = 1 
WARMUP = WARMUP * 60 
FINISH = FINISH * 60 + WARMUP 
CLOCK = -DELT 
LENGTH - ISPEED * DELT 
CAP = LENGTH / 20.0 • 0.5 
WRITE(6»3) 
3 FORMAT('1*************************** Z O N E M 0 n E L'» 
I • * * * * * * * * * * * * * * * * * * * * * * * * * * * • , / / ) 
WRITE(6»2) IRllN, IMET,ISEED tDELT»FINISH»WARMUP»ISPEED»LENGTH»CAP 
2 FORMAT(» RUN NUMBFR » » l 5 » / / » » NETWORK •,I5»» ISEED •» 
1 I9,//,» DELT »»I8»/»» FINISH '»Ia»/»» WARMUP »» 









SUBROUTINE D U M P ( M , N 1 , N 2 »K ) 
C 
C ..... THIS SURROUTINE PROVIDES A DUMP OF T H E VARlARLEc 
C IN CASE OF AN ERROR. THF VALUE OF K DETERMINES 
C THE TYPE OF DUMP: 
C 0 - SFT UP CHFCK» CALL RETURN 
C AFTER PRINTOUT ON NODES' c T C 
C 1 - ERROR ON TNPUT, 




C GENERAL INFORMATION DUMP. 
WRITE(6»1) K 
1 FORMAT(///• ERROR DUMP OUTPUT. K =»,T5> 
IF(K .GE. 2) GO TO 100 
WRITE(6,2) M»Nl»N? 
2 FORMAT(' CODE •»I3'» MESSAGE - «,2A6) 
GO TO 1001 ' 
100 WRITE(6,3) M'Nl'N? 
3 FORMAT(» LINK OR SIG ••I5,», NOW B E I M G PROCESSED.'»/.' MESSAGE -' 
1 »1X'2A6) 
C 
C NODE OUTPUT. 
C 
1 0 0 1 MAX = MAXNO 
W R I T E < 6 , 1 0 1 0 ) M A X . N U M N O S 
1 0 1 0 F O R M A T ( / / / , » N O D E O U T P U T MAX = » ' I 2 , 1 2 X , 
1 ' N U M B E R = ' , I 2 , / / , » I N D E X I D N E X T N O D E I D ' , 
2 • T Y P E G E O M I N D E X L I M K S I N L I N K O U T S I G M A L S 
3 • F S T B C L O C K P A R A M E T E R S ' ' / / ) 
C ..... WARMUP OVER. CLEAR STATISTICS-
C 
2000 CALL STAT(l) 
CALL STATA ( D 
GO TO 2300 
2100 CLOCK = CLOCK • DFLT 
lF(MOD(CLOCKr90).EQ.O) CALL STATA(2) 
WRITE(22) CLOCK»NlJMVEH 
IF(CL0CK .GE. FINISH) GO TO 3nn0 





GO TO 2100 
C 
C SIMULATION OVER, PRINT STATISTICS* 
C 
3000 CALL STAT(2) 
C 
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DO 101 I = 1 » N UMN O S 
101 W R I T E < 6 , l n l l > I'NOIDNOU) » (NONXT(I»K) ,K = 1 ' 4 ) .NOTYPE<I) • 
1 N O O U T P ( I ) » N 0 S I G ( I ) » N O C L K ( l ) , 
2 (N0PAR5( I»K)»K=1»2) 
1011 F O R M A T ! 1 4 . 6 X » l 2 » 3 x f U l f b X ' 1 2 , 5 X • 2 X . 2 X . l 6 X • 7 X . 1 2 • 8 X • 1 2 . 5 X • 
1 3 X.3XrF5 . 0 » 2 X » F 5 . 0 » l X » F 5 . 0 ) 
C 
C SIGNAL OUTPUT 
C 
MAX = MAXSIG 
L A M = AMBERT 
WRITE(6»1020) MAX.NUMSlG»LAM 
1020 FORMAT( / / /»» SIGNAL OUTPUT MAX = » » I 2 . » N U MRE R = »r 
1 1 2 , ' AMBER TIME = * • 1 2 . / / , 2 3 X • • * * * * MAJOR*, 
2 •• * * * * » . 2 2 x » ' * * * * M I N O R * * * * ' , / , 
3 » INDEX CYCLE*»2(6X»'OFFSET GREEN RED STATE CLOCK NXT 'r 
4 ) ) 
DO 102 I=1»NUMSIG 
102 WRITE(6»1021) I » S T G C Y C < I ) • < S l G O F F ( I » K ) » S I G G R N ( I » K > » S I G R E D ( I » K ) » 
1 S I G S T A ( I » K ) . S I G C L K ( I ' K ) » K = 1 , ? ) 
1021 F0RMAT ( I 4 . 5 X » I 3 » 2 ( B X » I 3 » 5 X , I 3 . 4 X , I 3»5X . I 2 » 3 X » I 5 , 4 X # 2 X ) ) 
C 
C LINK OUTPUT. 
C 
MAX = MAXLKS 
WRITE<6,1030) MAX.NUMLKS 
1030 FORMAT( / / /»» LINK OUTPUT MAX = »»T3»' NUMRER = * . l 3 » / / » 
1 • INDEX ID N O . LENGTH I ANES MODE LK OPOS L K ' • 
2 • DESTINATIONS PROBABILITIES FSTB ARM LEFT * r//) 
DO 103 I = 1 » N U M L K S 
103 WRITE(6 ,1031) I » L K l D ( I » l ) » L K I n ( I » 2 ) » L K L N G ( I ) , L K L A N S ( I ) » L K NO D ( I ) » 
1 L K O P O S ( I ) , ( L K D E S T ( I , K ) , K = 1 » 3 ) ' ( L K P R O R ( I • K ) » K = 1 , 2 ) » L K F S T R ( I ) » 
2 L K A R M ( I ) » L K L E F T ( I ) 
1031 F 0 R M A T ( I 5 , 4 X » 2 I 3 , I 7 , 6 X » H » 6 X , T ? , 7 X » I 3 , 2 I 6 » 3 X » I 3 » 2 X . 
1 2 F 7 . 3 » 5 X ' I 4 » 3 X , I 1 , 5 X ' I D 
I F ( K .EO. 0) R E T U R N 
I F ( K .EQ. 1) STOP 
C 
C BLOCK OUTPUT 
C 
MAX = MAXRLK 
WRITE(6 ,1040) MAX.NBLKS 
1040 FORMAT ( ' I R L O C K OUTPUT MAX = ' t i n , ' NUMBER = ' H u t / / , • 
1 • FIRST * VALUE . . . . ' » / ) 
11 = - 2 4 
104 I I = I I + 25 
12 = I I + 24 
WRITE(bt1041) I I . ( B L K A R Y ( I I ) • I 1 = 1 1 » 1 2 ) 
1041 FORMAT(I5»' * » » 2 5 l 4 ) 
I F ( I 2 . L T . NBLKS) G O TO 104 
STOP 
E N D 
SUBROUTINE EXTERN(NTH) 
C 
C . . . . . THIS SURROUTINE READS THF DATA CARDS ON EXTERNAL 
C NODES ONLY. CONTROL IS RETURNED TO THE CALLING 




C T H I S S U B R O U T I N E T A K E S V F H I C L E S O U T O F A H O L D I N G 
C A R E A A N D M O V E S T H E M O N T O T H E L I N K -
C 
I N C L U D E D E F I N S 
C 
C * * * * W R I T E < 6 » 1 ) 
1 F O R M A T ( / / / • • H O L D O U S U B R O U T I N E • ) 
D O 1 0 0 K T H = 1 t N U M L K S 
C 
I B = L K F S T B ( K T H ) + L K L N G ( K T H ) * L K L A N S ( K T H ) 
I F ( L K L A N S ( K T H ) . E o . 2 ) G O T o 3 5 
C 
C S I N G L E L A N E S T R E E T , 
C 
I F ( B L K A R Y ( I B ) . E Q . 0 ) GO T O m O 
I B P = I B - 1 
I F ( B L K A R Y ( I B ) + B L K A R Y ( l B P ) - C A P ) 1 0 . 2 0 , 3 0 
C 
C N O T F U L L . 
1 0 L K V L ( K T H * 1 ) = L K V L ( K T H ' l ) + B L K A R Y ( I B ) 
B L K A R Y ( I B P ) = B L K A R Y ( l B P ) + B L K A R Y ( I B ) 
B L K A R Y ( I B ) = 0 
C * * » * W R I T E ( 6 » 2 ) K T H » I B , 6 L K A R Y ( I B ) » T R P » B L K A R Y ( I B P ) 
2 FORMAT(• L I N K • f l u » » B L K • » I u , « C O N T • » I 4 , » B L K 
1 • C O N T » » I 4 ) 
G O T O 1 0 0 
C 
C FULL. 
2 0 L K V L ( K T H ' l ) = LKVl . (KTH»l) + B L K A R Y ( I B ) 
B L K A R Y ( I B P ) = C A P 
B L K A R Y ( I B ) = 0 
C * * * * W R 1 T E ( 6 » 2 ) K T H » I B . B L K A R Y ( I B ) » T H P » B L K A R Y ( I B P ) 
G O T O 1 0 0 
C 
C O V E R F L O W B A C K I N T O H O L D I N G A R E A . 
3 0 L K V L ( K T H » 1 ) = L K V L U T H ' I ) * C A P - B L K A R Y(lBP) 
B L K A R Y ( I B ) = B L K A R Y ( I B ) + B L K A R Y ( I B P ) - CAp 
B L K A R Y ( I B P ) = C A P 
C * * » * W R 1 T E ( 6 » 2 ) K T H d B . B L K A R Y ( l B ) • T R P ' B L K A R Y ( I B p ) 
G O T O 1 0 0 
C 
C 
C TWO L A N E S T R E E T . M U S T C H F C K B O T H A R E A S . 
I N C L U D E D E F I N S 
I N T E G E R A L P H A 
1 0 0 0 N T H = N T H + 1 
R E A D ( 5 , 1 0 1 > A L P H A * N O I D N O ( N T H ) • N O T Y P E ( N T H ) » N O N X T ( N T H * 1 ) • 
1 N O P A R S ( N T H » 1 ) » N O P A R S ( N T H » 2 ) 
I F ( A L P H A . E Q . 1 H ) G O T O 2 0 0 0 
G O T O 1 0 0 0 
2 0 0 0 N T H = N T H - 1 
R E T U R N 
1 0 1 F 0 R M A T ( A 1 , I 3 » T 2 » I 3 » 2 F 5 . 0 » I 1 > 
ENO 
S U B R O U T I N E H O L D O U 
c 
3 5 I B P = L K F S T B ( K T H ) • L K L N G ( K T H ) - 1 
I F I B L K A R Y ( I B ) . E Q . 0 ) GO T O fts 
1 F I B L K A R Y ( I B ) + B L K A R Y ( T B P ) - C A P ) 4 0 , 5 0 , 6 0 
c 
C . . . . . N O T F U L L . 
4 0 LKVLtKTH,1) = L K V L ( K T H * 1) + B L K A R Y ( I B ) 
B L K A R Y ( I B P ) = B L K A R Y(lBP) + B l . K A R Y ( I B ) 
B L K A R Y ( I B ) = 0 
C * * * * W R I T E ( 6 , 2 ) K T H » I B , B L K A R Y ( I B ) , I B P , B L K A R Y t IBp) 
G O TO 6 5 
C 
C F U L L . 
5 0 L K V L ( K T H , 1 ) = L K V L ( K T H ' l ) + B L K A R Y ( I B ) 
B L K A R Y ( I B P ) = C A P 
B L K A R Y ( I B ) = 0 
C * * * * W R I T E ( 6 , 2 ) K T H » I B » B L K A R Y ( I B ) , T B P » B L K A R Y < I B p ) 
G O TO 6 5 
C 
C O V E R F L O W B A C K I N T O H O L D T N G A R E A . 
6 0 LKVLtKTH,1) = LKVl ( K T H * 1 ) + C A P - BLKARY(lBP) 
B L K A R Y ( I B ) = B L K A R Y ( I B ) • B L K A R Y ( I B P ) - CAp 
B L K A R Y ( I B P ) = C A P 
C * * * * W R I T E ( 6 , 2 ) K T H » I B » B L K A R Y ( I B ) , T R P , B L K A R Y ( I B p ) 
C 
C S E C O N D H O L D I N G A R E A O F TWO L A N E S T R E E T . 
C 
6 5 I B = I B + 1 
I F ( B L K A R Y ( I B ) . E Q . 0 ) GO T O i n O 
I B P = I B - 2 
I F ( B L K A R Y ( I B ) + B L K A R Y ( I B P ) - C A P ) 7 0 , 8 0 , 9 0 
C 
C N O T F U L L . 
7 0 L K V L ( K T H , 2 ) = L K V L ( K T H » 2 ) + B l K A R Y ( I B ) 
B L K A R Y ( I B P ) = B L K A R Y(lBP) + BlKARY(lB) 
B L K A R Y ( I B ) = 0 
C * * * * W R I T E ( 6 , 2 ) K T H » I B , B L K A R Y ( I B ) , T R P , B L K A R Y ( I B p ) 
G O T O 1 0 0 
C 
C F U L L . 
8 0 L K V L ( K T H , 2 ) > = L K V L < K T H » 2 ) + B L K A R Y ( I B ) 
B L K A R Y ( I B P ) = C A P 
B L K A R Y ( I B ) = 0 
C * * * * W R I T E ( 6 , 2 ) K T H » I B , B L K A R Y ( I B ) , T R P » B L K A R Y ( I B p ) 
G O T O 1 0 0 
C 
C O V E R F L O W B A C K I N T O H O L D T NG A R E A . 
9 0 L K V L ( K T H , 2 ) = LKVl ( K T H ' 2 ) + CAP - B L K A R Y ( I R P ) 
B L K A R Y ( I B ) = B L K A R Y ( I B ) + B L K A R Y ( I B P ) - CAp 
B L K A R Y ( I B P ) = C A P 
C * * * * W R I T E ( 6 » 2 ) K T H » I B , B L K A R Y ( I B ) » T R P , B L K A R Y < I B p ) 
1 0 0 C O N T I N U E 
R E T U R N 
E N D 
F U N C T I O N IBHOi D ( K T H ) 
C 
C . . . . . T H I S F U N C T I O N R E T U R N S A n I F N O H O L D I N G 
SPACE I S AVAILABLE. OTHFRWlSE I T RETURNS T H E 
INDEX TO THE BLOCK ARRAY. 
INCLUDE DEFINS 
IBHOLD = 0 
I B = LKFSTB(KTH) + LKLNG(KTH) * LKLANS(KTH) 
IF(LKLANS(KTH) .EQ. 2) GO TO 10 
SINGLE LANE STREET. 
I F ( B L K A R Y ( I B ) .GE. CAP) RETURN 
5 IBHOLD = IB 
RETURN 
TWO LANE STREET. 
0 I F ( R N l ( I S E E D ) . L T . 0.5) GO To 20 
I F ( B L K A R Y ( I B ) . L T . CAP) GO To 5 
I B = IB + 1 
I F ( B L K A R Y ( I B ) . L T . CAP) GO To 5 
RETURN 
0 I B = IB + 1 
I F (BLKARY( IB ) . L T . CAP) GO To 5 
I B = IB - 1 




T H I S F U N C T I O N T E S T S T H E G A P T H E V E H I C L E I S O R S E R V I N G . 
A 0 M E A N S GO ANn A 1 M E A N S S T O P . 
I N C L U D E D E F I N S 
D I M E N S I O N P R O R(20) 
DATA PROB / .02' » l n » .22' . 3 6 » .50* . 6 1 . . 7 4 * 
1 .81» . R t » .90, .92, *95» .9ftr .97r .98' .99» .995, .9995 
L = LKLNG(KTH) 
I F ( L K L A N S ( K T H ) . E Q . 2) G O T O 20 
CHECK SINGLE LAKlE. 
IF(LKLEFT(KTH) .Eo. 1) GO T o 70 
IB2 = LKFSTB(KTH) - 1 
5 DO 10 I=1»L 
IB2 = IB2 + 1 
IF(BLKARY(IB2) .NF. 0) GO TO 50 
0 CONTINUE 
GO T O 70 
CHECK TWO LANE STREETS. 
0 IB1 = LKFSTB(KTH) - 1 
IB2 = IB1 • L 
IF (LKLEFT(KTH) .EQ. 1) GO T o 5 
DO 30 I = 1 , L 
IB1 = IB1 • 1 
177 
I B 2 = I B 2 • 1 
I F ( B L K A R Y ( i B l ) * N E . 0 .OR. BLKARYUB2) »NE. 0) 6 0 TO 50 
30 CONTINUE 
6 0 TO 70 
50 GAP = ( 1 - 1 ) * OELT 
I F ( 6 A P .GE. 2 0 . 0 ) GO TO 70 
IF(GAP . L E . 2) G O TO 60 
INDEX = G A P + O . S 
I F ( R N K I S E E D ) . L E . PRoB( INDEX) ) GO To 70 
C REJECT. 









C THIS SUBROUTINE READS CARDS FOR ALL NETWORK L l N t / S . 
C AFTER ALL DATA CARDS HAVE BEEN READ * THE ROUTINE 








1000 K T H = K T H + 1 
R E A D ( 5 . 1 0 1 ) A L P H A » L K I D ( K T H • 1 ) , L K I D (KTw * 2 ) » L K L N G ( K T H ) » L K L A K J S ( K T H ) r 
1 L K O P O S ( K T H ) , L K P R 0 B ( K T H , 1 ) » L K P R O B ( K T H r 2 ) » ( L K D E S T ( K T H , K ) r K = l » 3 ) 
C 
C I F I T I S A R L A N K C A R D * G O T O 20n0« 
I F ( A L P H A . E Q . 1H ) GO T O 200n 
C 
C . . . . . C A L C U L A T E T H E B L O C K S P E R L A N E AMD T H E N U M B E R O F 
C B L O C K S U S E D T H U S E A R • 
L K L N G ( K T H ) = L K L N G ( K T H ) / F L O A T ( L E N G T H ) + 0 . 5 
I F ( L K L N G ( K T H ) . L T . 1 ) L K L N G ( K T H ) = 1 
L K F S T B ( K T H ) = N R L K S 
N B L K S = N B L K S + L K L N G ( K T H ) * L K L A N S ( K T H ) + L K L A N S ( K T H ) 
C 
C F I N D N O D E N U M B E R O F T H E H E A D N O D E • 
C 
DO 1 0 1 0 NTH=l,NUMNOS 
IF(NOlDNO(NTH) . E Q . L K I D ( K T H , ? ) ) GO T O 1 0 l 5 
1010 CONTINUE 
CALL DUMP(KTH.•INPLKS» » ' D O l O l n ' » l ) 
1015 LKNOD(KTH)=NTH 
DO 1 0 1 6 I = l r 4 
I F ( L K l D ( K T H » 1 ) .EO. NONXT<NTH,I)) GO TO l o l 7 
1016 CONTINUE 
CALL DUMP(KTH.•INPLKS* » ' D O 1 0 1 f i i » l ) 
1017 LKARM(KTH) = 2 - MODd»2) 
178 
C SET UP THE TURNING PROBABILIT IES. 
C 
1060 LKPROB(KTH•2)=LKPROB(KTH »1)+LKPROB(KTH»2) 
IF(LKPROB(KTH.2) .GE. 0 . 9 9 8 5 ) LKPR0BUTH»2) = 1 .0 
GO TO 1000 
C 
C FIND LINK OPPOSED. 
C 
2000 NUMLKS=KTH-1 
IFCNUMLKS . G E . MAXLKS) CALL nilMP(NUMl KS» • INPLKS" • »MAvLKS» • ! ) 
IF(NBLKS .GT . MAXRLK) CALL DUMP(NBLKS# • INpLKS* # »MAXRLK» »1) 
DO 2500 KTH=1.NUMLKS 
IF(LKOPOS(KTH) .EO. 0) GO TO ?500 
DO 2400 KTH2=1»NUMLKS 
I F ( L K I D ( K T H 2 » 2 ) .NE . L K l D ( K T H # ? ) ) GO TO 2400 










C THIS SUBROUTINE MOVES VEHICLES FROM ONE LINK To 




C * * * * WRITE(6»5) 
DO 200 KTH=1»NUMLKS 
C 
C SET UP I N I T I A L VARIABLES. 
C 
LANE - LKLANS(KTH) 
NTH = LKNOD(KTH) 
I B = LKFSTB(KTH) 
I F ( L A N E . N E . 1> r,0 TO 6 
C 
C CHECK FoR C A R S T O M O V E . 
C 
I F ( B L K A R Y d B ) .EQ. 0) GO TO pnO 
GO TO 7 
6 IB2 = IB + LKLNG(KTH) 
IF(BLKARY( I B ) .EQ. 0 .AND. BLKARYdB2) .EQ. 0) GO To 200 
C 
C I F NON TERMINATE NODE' GO TO 15 
7 IF(NOTYPE(NTH) •GF• 3) GO T o 15 
C 
C TERMINATE SECTION. 
10 NUMVEH = NUMVEH - BLKARY(IB) 
BLKARY(IB) = 0 
C * * * * WRITE(6»3) K T H ' I B 
IF(LANE .EQ. 1) GO To 200 
NUMVEH = NUMVEH - BLKARY(IB2) 
BLKARY(IB2) = 0 
** WRITE(b»3) KTH»IB? 
GO TO 2 0 0 
CHECK SlGNAl STATE FIRST. 
15 ITH = NOSIG(NTH) 
I = LKARM(KTH) 
1 F ( S I G S T A ( I T H , I ) - 1 ) 5 0 » 2 0 , 2 5 
AMBFR LTGHT WILl. PERMIT ONE LEFT TURN IF WAITlNc 
20 IF(LKLEFT(KTH) »NF • 0) GO TO 3 0 
STOPPING VEHICLES. 
25 LKDEL(KTHrl) = LKnEL (KTH»l) + RLKARY(TB> * DELT 
* * W R I T E ( 6 » * t ) K T H » IB 
C H E C K F O R A N O T H E R L A N E , 
I F ( L A N E . E Q . l ) GO TO 2 0 0 
LKDEL(KTH»2) = LKnEL(KTH»2) + RLKARY(TB2) * DELT 
* * l * R I T E ( 6 » < t ) KTH»IBP 
GO TO 2 0 0 
30 KTHCHK = LKDEST(KTH»1) 
IBP = IBHOLD(KTHCHK) 
I F ( I B P .EQ. 0 ) GO TO 2 5 
LKLEFT(KTH) = 0 
BLKARY(IBP) = BLKARY(IBP) • 1 
BLKARY(IB) = RLKARY(IR) - 1 
LKDEL(KTHrl) = LKnEL(KTH»1) + RLKARY(TB> * DELT 
** WRITE (6 '1) KTH»IB.IBP 
** WRITE(6»4) KTH'IB 
CHECK FOR ANOTHER LANE, 
IF(LANE .EQ. D GO TO 2 0 0 
LKDEL(KTH»2) = LKnEL(KTH»2) + RLKARY(TB2) * DELT 
* * WPITE(6»4) KTH ' IB2 
GO TO 2 0 0 
GREEN LIGHT. BRANCH ON NUMBER OF L A N E S . 
50 NOMOVD = 0 
IF(LANE .EQ. 2 ) GO TO 100 
CHECK T H E TURN FLAG. 
IF(LKLEFT(KTH) . N F . 0) GO TO 60 
51 IF(BLKARY(IB) .EQ. 0) GO TO ?n0 
IF(NOMOVD . G E . LIMDCH) GO TO 65 
PICK A DESTINATION FOR THE VEHICLE. 
X = RNKISEED) 
I F ( X . L E . LKPROB(KTHrl)) GO TO 60 
I F ( X . L E . LKPROB(KTHr?)) GO TO 55 
RIGHT. 
180 
KTHCHK = LKDEST(KTH»3) 
G O TO 7 0 
C STRAIGHT. 
5 5 KTHCHK = LKDEST<KTH»2> 
G O TO 7 0 
C LEFT. 
6 0 KTHCHK = LKDEsT(KTH»l> 
I B P = IBHOLD(KTHCHK) 
I F ( I G A P ( L K O P O S ( K T H ) ) .NE. 1 .AND. I B P .NE. 0 ) G O T O - , 5 
C 
C LEFT TURN HANGUP. 
C 
LKLEFT(KTH) = 1 
6 5 LKUEL(KTH,1) = LKnEL(KTH.l) + RLKARY(TB) * DELT 
C**** W R I T E ( 6 » 2 ) KTH* IB»KTHCHK 
G O T O 2 0 0 
C 
C C H E C K H O L D I N G A R E A . 
C 
7 0 I B P = I B H O L D ( K T H C H K ) 
I F ( I B P . E Q . 0 ) G O T O 6 5 
C 
C M O V E V E H I C L F I N T O H O L D I M G A R E A . 
C 
7 5 LKLEFT(KTH) = 0 
BLKARY(IB) = RLKARY(lR) - 1 
BLKARY(IBP) = BLKARY(lBP) + 1 
NOMOVD = NOMOVD + 1 
C**** W R I T E ( 6 . 1 ) KTH»IB»KTHCHK 
G O TO 5 1 
C 
C 
C TWO L A N E S T R E E T , T A K E L A N E S O N E A T A T I M E . 
C 
1 0 0 X T E S T = L K P R 0 R ( K T H » 1 ) * 2 
I F ( L K L E F T ( K T H ) . N F . 0 ) G O TO 1 0 5 
C 
1 0 1 I F I B L K A R Y ( I B ) . E Q . 0 ) GO T O 1 5 0 
I F ( N 0 M 0 V D . G E . LlMDCH) G O To H O 
C 
C P I C K D E S T I N A T I O N . 
C 
I F ( R N K I S E E D ) . G T . X T E S T ) G O T O 1 2 0 
C 
C L E F T . 
1 0 5 K T H C H K = L K D E S T ( K T H * 1 ) 
I B P = I B H O L D ( K T H C H K ) 
I F ( I G A P ( L K O P O S ( K T H ) ) . N E . 1 . A N D . I B P . N E . 0 ) G O TO , 2 5 
C 
C . . . . . MARK D E L A Y A N D G O T O N E X T L A N E . 
C 
L K L E F T ( K T H ) = 1 
1 1 0 L K Q E L ( K T H » 1 ) = L K n E L ( K T H » 1 ) + R L K A R Y ( T R ) * D E L T 
C * * * * W R I T E ( 6 , 2 ) K T H » I B , K T H C H K 
G O TO 1 5 0 
C 
C S T R A I G H T . 
120 KTHCHK = LKDEST(KTH-2) 
IBP = IBHOLD(KTHCHK) 
IF (IBP .EQ. 0) GO TO H O 
G O TO 1 0 1 
C 
C NOW C H E C K T H E S E C O N D L A N F . 
C 
1 5 0 X T E S T = ( 1 . 0 - L K P R 0 B ( K T H ' 2 > ) * 2 
NOMOVD = 0 
151 IF(BLKARY(IB2) .Eo. 0) GO TO 200 
IF(N0MOVD .GE. L I M D C H ) GO T o 170 
C 
C PICK A DESTINATION. 
C 
I F ( R N K I S E E D ) .LT. XTEST) GO TO 155 
C 
C STRAIGHT. 
KTHCHK = LKDEST(KTH»2) 
GO TO 160 
C 
C RIGHT. 
155 KTHCHK = LKDEST(KTH»3) 
C 
160 IBP = IBHOLD(KTHCHK) 
IF(IBP .EQ. 0) GO TO 170 
BLKARY(IBP) = BLKARY(IBP) + 1 
BLKARY(IB2) = BLKARY(IB2) - 1 
NOMOVD = NOMOVD + 1 
C**** WRlTE(6rl) KTHrlBP'KTHCHK 
GO TO 151 
170 LKDEL(KTH,2) = LKnEL(KTH»2) • RLKARY(TB2) * DELT 
C * * * * WRITE(6,2) KTH»IB?rKTHCHK 
200 CONTINUE 
1 FORMAT(» LINK *rla,» MOVE V E H FROM BLK ' ' H i t * TO LK ,,14) 
2 FORMAT ( 1 LINK »rlu,« VEH IN »,T(+,» RLnCKED FOR LINK »,I4> 
3 FORMATC LINK •,Iu,» TERMlNATF V E H I C L F S IN BLK «,I4) 
4 FORMAT(' LINK «»Iu» f VEH IN BLK «*I4,» STOPPED FOR LIGHT. ») 





C THIS SUBROUTINE READS DATA CARDS ON INTERIOR 
C N O D E S ONLY. CONTROL IS RETURNEn T O T H E C A L L I N G 
C PROGRAM AFTER A BLANK CARD IS FoUND. 
INTEGER ALPHA,TEMP 
INCLUDE DEFINS 
ITH = 0 
C ••••• MOVE INTO HOLDING AREA. 
C 
125 LKLEFT(KTH) = 0 
BLKARY(IBP) = BLKARY(IBP) • 1 
BLKARY(IB) = RLKARY(IR) -1 
NOMOVD = NOMOVD + 1 




1000 NTH = NTH • 1 
READ(5,101) ALPHA.NOlDNO(NTH),NOTYPE(MTH)»(NONXT(NTH,I)•1=1KO 
IF (ALPHA .EQ. 1H ) f,0 TO 3000 
C 
C THIS SUBROUTINE MOVES VFHlCLES ON THE LINKS FROM 
C ONE ZONE TO THE NEXT. 
C 
I N C L U D E D E F I N S 
C 
C**«* W R I T E ( 6 * 1 ) 
1 F O R M A T ( / / * » I N T R A I . S U B R O U T I N E * ) 
2 F O R M A T C L I N K »*lu*» L A N E *'Iu,' I B F S T '»l4»» I B L S T » . I « r > 
3 F O R M A T ( • B L O C K » » I < t » ' C O N T » , I < t » * B L O C K *»I<*»' C O N T '*Iu) 
D O 100 K T H = 1 * N U M L K S 
C ..... IF NONSlGNALlZEn RETURN TO READING NEXT NODE. 
C 
IF(N0TYPE(NTH) *LF. «•) GO T o 1000 
C 
C SIGNALI7ED INTERSECTIONS REQUIRF ADDITIONAL CARD. 
C 
ITH = ITH • 1 
NOSIG(NTH) = ITH 
REAO(5»102) ALPHA*KDUM»SIGCYC(TTH) »SIr,OFF(lTH»D »SIGGRN(ITH»1) » 
1 SIGOFF(ITH»?)»SIGGRN(ITH* 2) 
C 
C CALCULATE STATE CHANGE TIMES AND PUT ON CHAIN. 
C 
DO 2100 1=1*2 
SIGRED(ITH»I) = STGCYC(ITH) - SlGGRN(ITH*I) - AMBERT 
TEMP = SIG0FF(ITH*I) + S I G G RN(ITH*I) 
IF(TEMP .GT. SIGCYC(ITH)) GO TO 2010 
TEMP = TEMP • AMBFRT 
IF(TEMP .GT. SIGCYC(ITH)) GO TO 2005 
SIGSTA(ITH»I) = 2 
SIGCLK(ITH»I) = STGOFFdTH*I) 
GO TO 2100 
2005 SIGSTA(ITH»D = 1 
SIGCLK(ITH»I) = TFMP - SIGCYC(iTH) 
GO TO 2100 
2010 SIGSTA(ITH'I) = 0 
SIGCLK(ITH»I) = TFMP - SlGCYC(lTH) 
GO TO 2100 
2100 CONTINUE 
GO TO 1000 
3000 NUMNOS r. NTH - 1 
IF(NUMNOS .GE. MAvNO) CALL DUMP(NUMNOS•' INTERN•»* MAX..0 M ) 
NUMSIG = ITH 
IF(NUMSIG .GE. MAXSIG) CALL DUMPtNUMSlG*'INTERN'.*MAXSIG»t1) 
RETURN 
C 
C FORMAT STATEMENTS 
C 






1000 NTH = NTH • 1 
READ(5,10D ALPHA.NOIONO(NTH) , N O T Y P E ( N T H ) » (NONXT(NTH, I) , I = 1,«») 
IF(ALPHA .EO. 1H ) GO TO 3000 
C 
C THIS SUBROUTINE MOVES VFHlCLES O N THE LINKS FROM 




C * * * » W R I T E ( 6 , 1 ) 
1 F O H M A T ( / / , » I N T R A L S U R R O U T I N E * ) 
2 F O R M A T ( * L I N K »,Iu,» L A N E ,,lu»* I R F S T ''It*,* I B L S T «.I4> 
3 F O R M A T ( * B L O C K » , I « t » * C O N T »,I4,» B L O C K »,I4,» C O N T »»I<.) 
DO 100 K T H = 1 , N U M L K S 
C ..... IF NONSlGNALIZEn RETURN TO READTNG NEXT NODE. 
c 
IF(NOTYPE ( N T H ) .LF. «•) GO T o 1 000 
C 
C SIGNALI7ED INTERSECTIONS REOUIRF ADDITIONAL CARD. 
C 
ITH = ITH • 1 
NOSIG(NTH) = ITH 
READ(5,102) ALPHA»KDUM»SIGCYC(ITH),SlGOFF(ITH»1)»SIGGRN( ITH,1), 
1 SIG0FF(ITH»P)»SIGGRN(ITH»2) 
C 
C CALCULATE STATE CHANGE TIMES AND PUT ON CHAIN. 
C 
DO 2100 1=1,2 
SIGRED(ITH,I) = STGCYC(ITH) - SlGGRN(ITH»I) - AMBERT 
TEMP = SIGOFF (ITH. I) • S I G G R N (ITH, I) 
IF(TEMP .GT, S'IGCYC(ITH) ) GO TO 2010 
TEMP = TEMP + AMBFRT 
IF(TEMP .GT. SIGCYC(ITH)) GO TO 2005 
SIGSTA(ITH»I) = 2 
SIGCLK(ITH,I) = SIG0FF(ITH,I) 
GO TO 2100 
2005 SIGSTA(ITH,I) = 1 
SIGCLK(ITH»I) = TEMP - SIGCYC(lTH) 
GO TO 2100 
2010 SIGSTA(ITH»D = 0 
SIGCLK(ITH,I) = TFMP - SIGCYC(TTH) 
GO TO 2100 
2100 CONTINUE 
GO TO 1000 
3000 NUMNOS = NTH - 1 
IF(NUMN0S .GE. MAyNO) CALL D M M P ( N U M N o S *'INTERN * , * M A x M 0 »»1) 
NUMSIG = ITH 
IF(NUMSIG .GE. MAxSIG) CALL niiMP(NUMSlG»»INTERN*,«MAySlG»,1) 
RETURN 
C 










C THIS FUNCTION GENERATES UNIFORMLY DISTRIBUTED 
C RANDOM NUMRFRS RETwEEN n AND 1 
C 
ISEED=ISEED*l f l5333 
I F ( I S E E D . L T . 0) ISEED=ISEED+3U359738367+1 
C LINK SETUP. 
C 
LANE = 0 
IF ILKLNG(KTH) .EQ. 1) GO TO m O 
IBFST = LKFSTp(KTH) + 1 
5 IBLST = IRFST • L K L N G ( K T H ) - 2 
LANE = LAME • 1 
C * * » * r>RITE(fa»2) K T H » L A N E » IRFST» IBLST 
C 
C . . . . . CHECK EACH 70NE STARTING WITH THE SECOND. 
C 
DO 90 I B - I B F S T * I B L S T 
IBP = I B - 1 
C 
C . . . . . CHECK CAPICITY. 
C 
I F ( B L K A R Y ( I B ) .EQ. 0) GO TO gn 
I F ( B L K A R Y ( I B ) • B lKARY( IBP) - CAP) l n » 2 0 » 3 0 
C 
C NOT FULL. 
10 BLKARY(IBP) = BLKARY(lBP) • BLKARY(IB) 
BLKARY(IB) = 0 
C * * * * WRITE(6»3) IB»BLKARY( lB) »IBP»R|.KARY(IRP) 
GO TO 90 
C 
C . . . . . FULL. 
20 BLKARY(IBP) = CAP 
BLKARY(IB) = 0 
C * * * * WRITE(6»3) IB»BLKARY( lB) »IBP»R|.KARY(lRP) 
GO TO 90 
C 
C OVERFLOW - DELAY. 
30 BLKARY(IB) = BLKARY(IB) • BLKARY(IBP) - CAp 
BLKARY(IBP) = CAP 
LKDEL(KTH.LANE) - LKDEL(KTH»LANE) •»- Bl.KARY ( I B ) * DELT 




C I S THIS THE LAST LANE. 
C 
IF(LANE .EQ. LKLANS(KTH)) GO TO 100 
C 
IBFST = IRLST + 2 












C THIS SUBROUTINE DOES THE FINAL SETUP ON ALL DAT. 




C FOR EACH NODE 
DO 2000 NTH=l,NUMNOS 
IF(NOTYPE(NTH) .GT. 2) GO TO 15OO 
IF(NOTYPE(NTH) .Eft. 2) GO TO ?000 
C 
C GENERATE NODES' SET TIME OF FIRST ARRIVAL, 
NOPARS(NTH'l) = 3600. / NOPARS(NTH*1) 
DO 1001 1=1*100 
1001 A = RNKISEED) 
NOSEED(NTH) = ISEFD 
NOCLK(NTH) = TBAGFN(NTH) 
C 
C FIND LINK TO PUT VEHICLFS ON. 
DO 1100 KTH=1,NUMLKS 
IF(NONXT(NTH*D .EQ. LKlD<KTH#?) .AND. NOlDNO(NTH) .Eft. L K I D ( K T H , 1 
1)) GO TO 1110 
1100 CONTINUE 
CALL DUMP(NTH»'SETUP • •• 1100C»*1> 
1110 NOOUTP(NTH) = KTH 
GO TO 2000 
C 
C INTERNAL NODES 
C 
1500 CONTINUE 
ITH = NOSIG(NTH) 
IF(ITH .EO. 0) Gn TO 2000 
IDNTH = NOlDNO(NTH) 
C 
C TAKE EACH LINK AND SEE IF IT IS CONNECTEO TO T H T S 
C NODE. 
C 
DO 1600 KTH=1,NUMLKS 
C 
C CHECK FOR I N P U T TO THIS NODE. 
IF(LKID(KTH*2) .NE. IDNTH) GO TO 1600 
C 
C ..... OK* NOW FIND OUT WHERE I T CAME FROM. 
DO 1520 1=1*4 
IF(LKID(KTH*1) . E C NONXT(NTH, I)) GO TO 1525 
1520 CONTINUE 
CALL DUMP(NTH,•SETUP 1520C«»1> 




C FOR EACH LINK FIND THE DESTINATIONS. 
DO 3000 KTH=l,NUMl.KS 
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DO 2500 I = l»3 
IF(LKDEST(KTH,I) .EQ. 0) GO T O 2500 
DO 2400 KTHCHK=1»MJMLKS 
IF(LKID(KTHCHK»2) • N E . LKDEST(KTH»I)) GO TO 2400 
IF(LKID(KTHCHK »1) .NE. LKlD<KTH,2)) G O TO 2400 
LKDEST(KTH»I) = KTHCHK 








C THIS SURROUTINE CHECKS THE SIGNAL SETTINGS TO 
C SEE IF A CHANGE IS NECESSARY. 
C 
INCLUDE DEFINS 
DO 2000 ITH=1,NUMSIG 
DO 1999 1=1.2 
C 
c . . . . . F I R S T C H E C K T H E S I G N A L ' S C L O C K . 
c 
iF(SIGCLK(ITH,I) .GT. CLOCK) GO TO 1999 
C 




C OLD STATE WAS GREEN' CHANGE TO AMBER. 
1100 SIGSTA(ITH»I) = 1 
SIGCLK(ITH»D = SlGCLK(lTHrl) + AMBERT 
GO TO 1999 
C 
C OLD STATE WAS A M B E R * CHANGE TO RED. 
1200 SIGSTAUTH'I) = 2 
SIGCLK(ITH»I) = STGCLK<ITH»I) + SlGREn(ITH,I) 
GO TO 1999 
C 
C OLD STATE WAS RED» CHANGE TO GREEN. 
1300 SIGSTA(ITH»I) = 0 
SlGCLKdTH'I) = SlGCLK (ITH, I) + S I G G R N (ITH, I) 
C 
C CHECK QUEUE LENGHT FOR THE APPROACHES THAT HAVE CHANGED. 
C 
DO 1500 IP=1»2 
II = I + 2 * (IP - 1) 
KTH = SIGINP(lTH,Tl) 
C 
C SET UP AND CHECK FIRST LANE. 
C 
IB1 = LKFSTB(KTH) 
IB2 = IB1 + LKLNG(KTH) -1 
LQ = 0 
DO 1400 IR=IB1»IR2 
IF(BLKARY ( I B ) .LT. CAP) GO TO 1410 
LQ = LQ + CAP 
187 
1400 CONTINUE 
IB = IB2 • 1 
IF(LKLNG(KTH) .EO. 2) IB = IR • LKLNG(KTH) 
1410 IF(BLKARY(IB) .LT. CAP / 2.0) G O TO 1420 
LQ = LQ + BLKARY(TB) 
1420 IF(LQ . G T . L K M A X Q ( K T H » 1 ) ) L K M A X Q ( K T H » 1 > = L Q 
IF(LKLANS(KTH) .Eo. 1) GO T O 1500 
C 
C IF TWO LANES' CHECK SECOND LANE ALSO, 
C 
IB1 = IB2 • 1 
IB2 = IB2 • L K L N G ( K T H ) 
LQ = 0 
D O 1450 IR=IB1*IB2 
IF(BLKARY(IB) .LT. CAP) G O To 1460 
LQ = LQ • CAP 
1450 CONTINUE 
IB = IB2 • 2 
1460 IF(BLKARY(IB) .LT. CAP / 2.0) GO TO 1470 
LQ = L Q + BLKARY(TB) 




C**** WRITE(6rl) CLOCK * ( (SlGSTA (11»1 ?) »12=1»2> ' 11=1»NUMS'lG) 
1 FORMAT(///*» CLOCK »»T9*' SIGNALS.*f20<1X»2I2)) 
RETURN 
END 
SUBROUTINE S T A T ( K ) 
C 
C THIS SURROUTINE CLEARS THE STATISTICS AFTER WARMUP 




C ..... IF FINISH* A O T O lOOO 
IF(K . E Q . 2) GO TO 1000 
DO 100 KTH = 1*NUMLKS 
DO 100 1=1*2 
LKUEL(KTH* I) = 0 
LKMAXQ(KTH*I) = 0 
100 LKVL(KTH*I) = 0 
RETURN 
C 
C ..... PRINT THE S T A T I S T I C S IN THIS SECTION. 
C 
1000 TOTIM = FINISH - WARMUP 
wRITE(6»l) 
1 F0RMAT(1H1»21X»'VEHICLE C O U N T 1 5 X » • V F H l C L E VOLUME*'7X»*MAX QS*» 
1 9X»»VEHICLE DELAY**14X»'DELAY PER VFHlCLE**/** LINK LANES ** 
2 * LANE 1 LANE P TOTAL L A N E 1 L A N E 2 TOTAL 1 '* 
3 *2 L A N E I L A N E 2 T O T A L I A N E I L A N E 2 T O T A L ' * / ) 
DO 1100 KTH=ltNUMLKS 
LKVTOT = LKVL(KTH»D + LKVL(KTH»2) 
LKVOLl = LKVL(KTH*1) * 3600 / TOTIM 
LKVOL2 = LKVL(KTH»2) • 3600 / TOTIM 
LKVOLT = LKVOi 1 + LKV0L2 
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LKDELT = LKDEL(KTH»1> • LKDEL(KTH»2) 
DELVLl = L K L ) E L ( K T H » 1 ) / FLOAT(LKVL(KTH' 1) ) 
DELVL2 = LKOEl (KTH»2) / FLOATU K V L ( K T H » 2 ) ) 
DELVLT = LKDELT / FLOAT(LKVL(KTH,1) + LKVL(KTH»2)) 
1100 wR!TE(6»2) KTH'LKlANS(KTH)»LKVL(KTH,1)#LKVL(KTH»2),LKVTOT» 
1 LKVOLl•LKV0L2»LxV0LT»(LKMAXo(KTH,I),I=1'2>»LKDEL(KTH»1>' 
2 LKDELIKTH.2)'LKDELT,DELVLl»DFLVL2»DELVLT 
2 F0RMAT(I4,4X»I2»2(1X'3I9) »3X»T .V2X» 13, l8»2l9,2X»3F9.2) 
5 F0RMAT(//,23H INTERSECTION ID NUMBER» T 4 • /•12H0INPUT LTNKS,6X» 
1 14HVEHICLE VOLiiME•1 OX»9HMAX QUEUE»11X•13HVEHICLE DFLAY»12X» 
2 17HDELAY PFR VEHlCl E»/•14x,P2HLANE 1 LANE 2 T0TAL»4x» 
3 14HLANE 1 LANF 2»?(4X*22HLANE 1 LANE 2 TOTAL* t/) 
6 FORMAT(17,4X»?I8,19,218»3X,2lfl,I9»2X»?F8.2,F9.2) 
7 FORMAT(30X»6H ,64X»6H -»/»21H TOTAL INTERSECTION • 
1 . 8HV0LUME = »I7,23X.40HAVERAGE INTERSECTION DELAY PFR VEHICLE =» 
2 F7.2) 
8 F0RMAT(/////»32H AVERAGE LINK DELAY FnR SYSTEM = F7.2) 
9 FORMAT(29HlINTERSECTION OUTPUT SUMMARY.) 
WRITE(6»9) 
NTOT = 0 
NDTOT = 0 
DO 1275 NTH=1,NUMNOS 
IF(N0TYPE(NTH) .LT. 3) GO T o 1275 
NlNT = 0 
NDEL = 0 
WRITE(6,5) NOlDNO ( N T H ) 
ITH = NOSIG(NTH) 
DO 1250 II=1»4 
KTH = SIGINP(ITH,II) 
LKVTOT = LKVL(KTH,1) + LKVL<KTH»2) 
NlNT = NlNT + LKVTOT 
LKDELT = LKDEl.(KTH»l) + L K D E L ( K T H » 2 ) 
NDEL = NDEL + LKDELT 
DELVLl = LKDEl_(KTH»l) / FLOAT (|_KVL (KTH»1) ) 
DELVL2 = LKDEL(KTH»2) / F L 0 A T ( L K V L ( K T H » 2 ) > 
DELVLT = L K D E L T / F L O A T(LKVTOT) 
1250 WRITE(6»6) KTH»LKVL(KTH»1>»LKVL(KTH»2)»LKVTOTrLKMAXQ(vTHM)» 
1 LKMAXO(KTH»2)»LKDEL (KTH»1),LKDEL(KTH»2)»LKDELT. 
2 DELVLl,0ELVL2»DELVLT 
NTOT = NTOT + NlNT 
NDTOT = NDTOT + NDEL 
DEL = NDEL / FLOAT(NlNT) 
wRITE(6»7) NlNT»DFL 
1275 CONTINUE 
DEL = NDTOT / FLOAT(NTOT) 





C PERIOD RY PERIOD OUTPUT GENERATOR• LKSOUT IS AN ARRAY 





DATA LKSOUT / 1»3,0»0 / 
189 
P A R A M E T E R N = 2 
6 0 T O ( 1 0 , 2 0 ) . I 
10 C O N T I N U E 
C * * » * W R I T E ( 6 r i . ) 
DO 15 I I = 1 » N 
N L K I I ) = 0 
N S 1 ( I I ) = 0 
N R K I D = 0 
L 1 ( I D = 0 
D E L 1 ( I I ) = 0 
L L 1 ( I I ) = 0 
L S 1 ( I I ) = 0 
15 L R K I I ) = 0 
R E T U R N 
C * * * * fcvRITE(6rl) C L O C K . N U M V E H 
20 C O N T I N U E 
DO 30 I I = 1 » N 
MM = L K S O U T ( I I ) 
L I P = L K V L ( M M r l ) • L K V L ( M M » 2 ) 
N 1 ( I D = L 1 P - L l ( l T ) 
L 1 ( I D = L 1 P 
I D E L P = L K D E L ( M M » 1 ) • L K D E L < M M » 2 ) 
D E L Y 1 ( 1 1 ) = I D E L P - D F L 1 ( 1 1 ) 
D E L 1 ( I I ) = I D E L P 
A V 6 1 ( I I ) = D E L Y 1 ( I I ) / N l ( I I ) 
X I ( I I ) = I D E L P / F L 0 A T ( L 1 P ) 
C * * * * W R I T E ( 6 » 2 ) L l P » 
C * * * * l I D E L P » X 1 ( I I ) »N1 ( I I ) , N L K H ) , N S 1 ( I I ) . N R l d l ) » A V 6 1 ( I I ) 
30 C O N T I N U E 
P U N C H 3 » C L 0 C K , N U M V E H » ( ( N l ( I I ) , A V 6 1 ( I I ) t X I ( I I ) ) r I I = l , N ) 
R E T U R N 
1 F O R M A T ( / r 9 H C LO C K = » l 7 » l 3 H N U M V E H = » I 7 ) 
2 F 0 R M A T ( 1 0 X » I 6 , 3 I 5 . I 8 » F 1 0 . 2 , I l n » 3 I 5 » F 8 . 2 ) 
3 F 0 R M A T ( 1 7 , I 5 » 4 ( I 5 » 2 F 6 . D ) 
4 F O R M A T ( l H l » 1 2 x » l O H C U M U L A T l V E , l R X » 7 H C U R R E N T , 7 X d l H L A S T P E R I O D * / • 
1 1 3 X » 2 5 H V 0 L L F S T R T D F L A Y , 7 X » 3 H M 0 E ' 7 X » 
2 2 5 H V 0 L L F S T R T D E L / v ) 
E N D 
F U N C T I O N T B A 6 E N ( N T H ) 
C 
C T H I S F U N C T I O N G E N E R A T E S T H E T I M F B E T W E E N A R R I V A L S 
C A T T H E N T H N O D E . A N E X P O N E N T I A L T I M E B E T W E E N 
C A R R I V A L S I S A S S U M E D * 
C 
I N C L U D E D E F I N S 
T B A G E N = - A L O G ( R N f l ( N O S E E D ( N T H ) ) ) * N O P A R S ( N T H » 1 ) 
R E T U R N 
E N D 
S U B R O U T I N E V E G E N 
C 
C T H I S S U R R O U T I N E C H E C K S T H E C L O C K A T E A C H G E N E R A T E 
C N O D E T O S E E I F I T I S T I M F T O G E N E R A T E A N O T H E R 
C V E H I C L E . 
C 
I N C L U D E D E F I N S 
C * * * * W R I T E ( 6 r l ) 
1 F O R M A T ( / / , » V E G E N S U B R O U T I N E . * ) 
DO 2 0 0 0 NTH=l.NUMNOS 
IF(NOTYPE(NTH) .GT. 1 ) GO T o ? 0 0 0 
C C H E C K T O S E E I F READY F O R ANOTHrR V E H I C L E 
C 
1 0 0 0 I F ( C L O C K .LT. N O C L K ( N T H )) GO TO 2 0 0 0 
C 
C F I N D O U T I F H O L D I N G A R E A I S A V A I L A B L E * 
C 
K T H = NOOUTP(NTH) 
I B = I B H O L D ( K T H ) 
I F U B . E Q . 0 ) GO TO 2 0 0 0 
C 
C MOVE A VEHICLE INTO T H E A R E A . 
C 
1 9 0 0 B L K A R Y ( I B ) = R L K A R Y ( I R ) • 1 
N U M V E H = N U M V E H • 1 
C 
C C O M P U T E T I M E O F N E X T ARRTvAL 
NOCLK(NTH) = NOCLK(NTH) • T B A G E N ( N T H ) 
C * * * * W R I T E ( 6 , 2 ) NTHrKTH* I B . N U M V E H 
2 F O R M A T ( • N T H • f l u , » K T H ' ' l i t . ' I B » » I ' t » » N U M V E H 
C 
c R E A D Y F O R A N O T H E R * 
GO TO 1 0 0 0 














COMMON /NODES/ NOTDNO(MAXNO)»NOTYPE(MAXNO)»NONXT(MAXNO»4)» 
1 NOSEED(MAXNO)»NOGNXT(MAXNO),MOPARS(MAXNO ,2) »NOOUTP(MAXNo)• 
2 NOGEOM(MAXNO)*FsTSQ(MAXNO)»NOSIG(MAXNO)•NOCLK<MAXNO)»NUMNOS 
c 





COMMON / S I G / SIGCYC(MAXSIG)»STGSTA(MAXSlG»2)»SIGOFF(MAXSlG»2)» 
1 S IGGRN(MAXSIG»2)»S IGRED(MAXSIG»2)»STGCLK(MAXSIG»2)» 
2 SIGNXT(MAXSIG»2) #S lGlNP(MAXSTG» * t ) »NUMSIG.AMBERT 
C 




COMMON / L I N K S / L K T D ( M A X L K S , 2 ) ,LKLNG(MAXLKS) »LKLANS<MAXLKS) » 
1 LKNOD(MAXLKS)»LKOPOS(MAXLKS),LKARM(MAXLKS)»LKCAP(MAXLKS), 
2 LKCONT(MAXLKS)»LKPR0B(MAXLKS»2)»LKDFST(MAXLKS»3),NUMLKS, 












C SETUP FOR INTERSECTIONS. 
C 
PARAMETER M A X R L K = 2 0 0 
INTEGER BLKARY 
COMMON / I N T / BLKARY(MAXBLK)»NR| KS 
C 
C SETUP FOR CHAINS. 
C 
INTEGER SIGTIM»SIGIND»VEGTIM,VFGIND»VFGFLG 
COMMON / C H A I N / VEGTIM,VEGlND,VFGFLG»MOVFST,MOVTlM»SlGTlM»SlGIND 
C 
C GENERAL COMMON VARIABLES. 
C 
INTEGER CL0CK,FINISH»WARMUP 
COMMON CLOCK •TSEEnrFlNlSH'WARMllP 
C c * * * * * * * * * * * * * * * * * * * * * 
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C * * 
C * D E F I N I T I O N OF VARIABLES U S E D IN T H E P R O G R A M . * 
C * * * * * * * * * * * * * * * * * * * * * 
C * . * 
C * * 
C * * 
C * A M B E R T - T H F L E n G T H O F A M B E R T I M E * 
C * B L K A R Y ( I B ) - G E N E R A L A R r a Y OF INTERSECTION B L O C K S . 
C * CLOCK - MASTER SIMULATION CLOCK. * 
C * F INISH - iNTTIAl LY THE AMOUNT OF TIME TO GATHER STATISTICS. 
c * T H E N C H A N G E D T O S I M U L A T I O N ! F I N I S H T I M E . 
C * FSTSQ(NTH) - INnEX TO FIRST SQUARE OF INTERSECTION. 
C * ISEED - THE RANDOM NUMBFR SEED. 
c * I T H - I N D E X U S E D T O P O I N T T O S P F C I F I C S I G N A L . * 
c * • K T H - I N D E X U S E D T O P O I N T T O S P F C I F I C L I N K . * 
C * LKARM(KTH) - APPROACH A r m ( 1 - 4 ) OF LINK TO INTERSECTION. 
C * LKCAP(KTH) - CAPACITY OF THE K T H LINK IN V E H I C L E S . 
C * LKCONT(KTH) - CONTENTS OF THE K T H L I N K . 
C * LKDEL(KTH»1-2) - CUMULATIVE DELAY BY LANES. 
C * LKDELD(KTH, l -3 ) - CUMULATIVE DELAY BY DESTINATIONS. 
C * L K D E S T ( K T H , I - 3 ) - LINK DESTINATIONS: LEFT»STR'RlGHT. * 
C * L K I D ( K T H ' 1 - ? ) - SYMBOLIC I . D . OF T A I L ( 1 ) AND HEAD(2)• * 
C * LKLANS(KTH) - N U M B E R OF | ANES. * • 
C * LKLEFT(KTH) - FLAG INDICATING A m EXISTING L E F T TURN D E L A Y * 
C * LKLNG(KTH) - LINK LENGTH ( I N FEFT ) . * 
C * L K M A X q ( K T H , 1 - 2 ) - CURRENT MAX QUEUE BY LANES. 
C * LKNOD(KTH) - INDEX To NonE AT HEAD OF L I N K . * 
C * LKOPOS(KTH) - LINK APPOSING A LEFT TURN. * 
C * LKPROB(KTH, i -2 ) - CUMULATIVE PRoB OF LEFT & STR. M O V E . * 
C * LKQ(KTH>1-2) - CURRENT OUEUE LENGTH BY LANES. 
C * LKQCLK(KTH,1-2) - TIME O F LAST DEPARTURE. 
C * L K S T 0 P ( K T H » 1 - 2 ) - CUMULATIVE NUMBER OF STOPS. 
C * L K V D ( K T H » 1 - - 0 - LINK VEHICLE COUNT BY DESTINATION. 
C *. L K V L ( K T H l - 2 ) - LINK VEHICLE C O U n T BY LANES. 
C * MAXBLK - MAXIMUM NUMBER oF INTERSECTION B L O C K S . 
C * MAXLKS - M A X I M U M POSSlBLF NUMBER OF L INKS. * 
C * MAXNO - M A X I M U M PoSSlBLF NUMBER OF NODES. * 
C * MAXSlG - MAXIMUM POSSlBLF NUMBER OF SIGNALS. * 
C * MAXVEH - MAXIMUM PoSSlBLF NUMBER OF VEHICLES. * 
C * MOVFST - FIRST VEHICLE O N THE MOVE CHAIN. 
C * MOVTIM - EVFNT TIME FOR N E X T VEHICLE MOVEMENT* 
C * NBLKS - N U M r E R OF INTLRSFCTlON RLOCKS IN NETwOR*. 
C * NOCLK(NTH) - ARRIVAL TlMF OF NEXT VEHICLE AT NODE. 
C * NOGEOM(NTH) - N O D E GEOMFTRY: 1 - 2X2 , 3 - 4X4 . 
C * NOGNXT(MTH) - NFXT NODE ON THE GENERATE CHAIN. 
C * NOIDNO(NTH) - SYMBOLIC n o D E IDENTIFIER. * 
C * N0NXT(NTH»l-4) - SYMBOLIC IDENTIFIERS OF ADJ. NODES. * 
C * N O O U T P ( n T H ) - INDEX T O L T N K S TAKING FROM THIS NODE * 
C * N0PARS(NTH»l-2) - PARAMETERS FOR GENERATE NODES. * 
C * NOSEED(NTH) - RANDOM N U w r E R SEED FOR GENERATION. 
C * NOSIG(NTH) - I N D E X TO SIGNAL F O R NTH NODE. * 
C * NOTYPE(NTH) - NODE TYPE: * 
C * 0 - BOTH GENERATE AND TERMINATE, * 
C * 1 - GFMERATE ONLY, * 
C * 2 - TFRMINATE O N L Y , * 
c * 5 - F I X E D T I M F C O N T R O L L E D . * 
c * N T H - I N D E X U S E O T O P O I N T T O S P E C I F I C N O D E . * 
NUMLKS -.NUMBER OF LINKS IN MODEL* 
NUMNOS - NUvBER OF NODES, 
NUMSIG - NUMBER OF SIGNALS. 
NUMVEH - NUMBER OF VEHICLES IN NETWORK. 
SlGCLK<ITH.1-2) - TIME OF NEXT CHANGE OF S T A T E . 
SIGCYC(ITH) - CYCLE LENGTH OF ITH SIGNAL. 
SIGGRNdTH»1-2) - GREEN TIME FOR ITH SIGNAL. 
SIGIND - POINTER TO NEXT SIGNAL TO CHANGE. 
SIGINP(TTH,1-4) - LINKS POINTING AT ITH SIGNAL. 
SlGNXT<lTH»1-2) - NEXT SIGNAL ON THE EVENTS C H A t N , 
NEGATIVE INDICATES MTNOR DIRECTION. 
SIG0FF(ITH.1-2) - SlGNAi OFFSET TIME, 
SIGRED(ITH»1-2) - RED TIME FOR ITH SIGNAL. 
SIGSTA(lTH»1-2) - STATE oF ITH SIGNAL. 
0 - GREEN' 
1 - AMBER' 
2 - RFD. 
SIGTIM - TIME OF NEXT SIGNAL CHANGE. 
VDSP(JTH) - VEHICLE'S DF<;IRED SPEED. 
VEGFLG - FLAG INDICATING A DELAYED ENTRY TO PROCESS. 
VEGIND - INOEX TO FIRST NODE ON THE GENERATE CHAIN. 
VEGTIM - EVFNT TIME OF T H E NEXT UNBLOCKED ARRIVAL. 
VEHNXT(jTH) - NFXT VEHICLE ON MOVEMENT CHAIN. 
VLAN(JTH) - LANE DESIRED. 
VLK(JTH) - INDEX OF C U R R F N T OR MOST RECENT LINK. 
VLKTIM(JTH) - CLOCK TlMF VEHICLE ENTERED LINK * . 
VSTATE(JTH) - THE STATE oF THE .JTH VEHICLE: 
0 - ON LINK ARRIVING AT INTERSECTION, 
1 - IN QUEUE WAITING (BUT NOT AT HEAD) 
2 - AT HEAD OF QUEUE WAITING FOR SIGNAL, 
3 — AT HEAD OF QUEUE IN BLOCKED STATE» 
4 - IN SI' 
5 - IN S2' 
6 - IN S3. 
VTIME(JTH) - NEXT EVENT TIME FOR JTH VEHICLE. 
VTURN(JTH) - TURN INDICATOR: 
1 " LEFT' 
2 - STRAIGHT' 
3 - RIGHT. 
WARMUP - WARM UP TIME To GAIN STATISTICAL EOUlL. 
* * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * 
T H I S I S T H E M A I N P R O G R A M F O R T H F N E X T E V E N T M O D E L . 





NTH = 0 
MOVTIM = 2**30 
NBLKS = 0 
C 
C RUN PARAMETFRS 
C 
READ(5 • 1 > IRUN•INFT•AMBERT ,ISEFD »FINISH•WARMUP 
1 FORMAT( ) 
MODEL = »NEXT» 
WRITE<21> MODEL*IRUN»INET'ISEED 
WRITE<22) MODEL» IRUN»INET* I SEED 
PUNCH 6,IRUN»INET,ISEED 
6 FORMAT ( • NEXT MODEL IRUN = , * m » » INFT = ••I4»." iSEcD = ,»I12) 
CLOCK = -10 
AMBERT = AMBERT * 10 
WARMUP = WARMUP * 600 
FINISH = FINISH * oOO + WARMUP 
WRiTE<6»2) 
2 FORMAT(»1************************ N E X T M O D E L»* 
kRlTE<6»3) IRl)N»IMET»ISEED,FINISH»wAR^UP 
3 FORMAT*• RUN NU M RFR ,.I5,//»» NETWORK "»I5*" ISFED »• 
1 I9t//»» FINISH •flSf* WARMUP »»T8) 
C 






C CALL SETUP TO FINISH DATA MANIPULATION, 
C 
CALL SETUP 
CALL DUMP(0»»nATA C»*»HECK »,n) 
C 
C THE SIMULATION, 
C 
1000 ICLOCK = MlN(VEGTIM»STGTIM»M0VTIM) 
IF(ICL0CK .LE. CLOCK) CALL DUMP(ICLOCK» 1ICLK =*»»C L K ',CLOCK> 
CLOCK - ICLOCK 
IF(MOD(CLOCK»900) .EO. 0) CALL STATA(2> 
WRITE(22) CL0CK»NUMVEH 
C**** IT1 = ITIME( IT2»IT3) 
C**** XTIME = IT1 * .0002 
C**** wRITE(6»4) C L O C K . M U M V F H ' X T I M E 
4 FORMAT(/»» CLOCK r'.Iftr1 NUMVFH =»,I4,» CPU TIME REMAINING ='F5*2) 
IFICLOCK .GE* wARvUP) GO TO ?n00 
IF(CL0CK .LT. SIGTIM) GO TO N O O 
CALL SIGCHK 
1100 IF(CL0CK .LT. VEGTIM) GO TO LPOO 
CALL VEGEN 
1200 IF(CL0CK .LT. MOVTIM) GO TO 1300 
CALL MOVVEH 
IF(VEGFLG .EQ. 1) CALL VEGEN 
1300 GO TO 1000 
C 
C THIS SUBROUTINE PRINTS THE VEHICLE CHAIN IN THE 
C PROPER SEQUENCE. 
C 
INCLUDE DEFINS 
JTH = MOVFST 
WRITE(6»1) NUMVEH 
10 IF(JTH . E O . 0) Gn TO 20 
wRlTE<6,2) J T H » V E H N X T ( J T H ) • V T T M E ( J T H ) , V D S P ( J T H ) » V S T A T F < J T H ) t 
1 V L K ( J T H ) » V L A N ( J T H ) » V T U R N ( J T H ) » V L K T I M ( J T H ) 
JTH = V E H N X T ( J T H ) 
GO TO 10 
20 WRITE(6»3) (LKCONT(KTH)»KTH=1,NUMLKS) 
RETURN 
1 FORMAT(• VEHICLE CHAIN - NUMVEH•»15»/•' JTH NvT TIME'» 
1 • DSP STATF L I N K L A N E TURN LKTlME») 
2 F0KMAT(9(1X,Ifi)) 




C THIS SUBROUTINE PROVIDES A DUMP OF T H E VARlABLEc 
C WARMUP OVER, CLEAR STATISTICS. 
C 
2000 CALL STAT(l) 
CALL STATA(l) 
GO TO 2200 
2100 ICLOCK = MIN(VEGTTM»SIGTIM.M0VTIM) 
IF(ICL0CK .LE. CLOCK) CALL DUMP(ICLOCK»'ICLK =»»»CLK CLOCK) 
CLOCK = ICLOCK 
IF(MOD(CLOCK»900) .EQ. 0) CALL STATA(2> 
WR1TE<22) CLOCK'NUMVEH 
C**** ITI = ITIME(IT2»IT3) 
C**** XTIME = ITI * .0002 
C**.** WR I T E < 6 » 4 ) C L O C K # M U M V E H » X T I M E 
1E(CL0CK .GT. FINISH) GO TO 3000 
2200 CONTINUE 
IF(CL0CK .LT. SIGTIM) GO TO 23OO 
CALL SIGCHK 
2300 IF(CL0CK .LT. VEGTlM) GO TO 2400 
CALL VEGEN 
2400 1F(CL0CK .LT. MOVTIM) GO TO 2in0 
CALL MOVVEH 
IF(VEGFLG .EQ. 1) CALL VEGEN 
2500 GO TO 2100 
C 
C SIMULATION OVER * PRINT STATISTICS* 
C 









C IN CASE OF AN ERROR. THF VALUE OF K DETERMINES 
C THE TYPE OF DUMP: 
C 0 - SFT UP C H F C K , CALL RETURN 
C AFTER PRINTOUT ON NODES' FTC. 
C 1 - ERROR ON TNPUT, 




C GENERAL INFORMATION DUMP. 
WRITE(6»1) K 
1 FORMAT*// /* ERROR DUMP OUTPUT. K = '»T5> 
100 WRITE<6»3) M»Nl»N2 
3 FORMAT** THING • r I 5 r , » NOW RElNG PROCESSED. '» /» • MEcSAGE 
1 » 1 X ' 2 A 6 ) 
C 
C NODE OUTPUT. 
C 
1001 MAX - MAXNO 
WRITE<6»1010) MAX»NUMNOS 
1010 F O R M A T * / / / . • NODE OUTPUT MAX = " I 2 » 1 2 X » 
1 'NUMBER = ' r I 2 r / / » ' INDEX ID NEXT NODE I D * . 
2 • TYPE GEOM INDEX L I N K S IN LINK OUT SIGNAL*» 
3 • FSTB CLOCK PARAMETERS GEN N X T W / ) 
DO 1 0 1 I=l»NUMNOS 
101 WRITE 1 6 , l n l l ) I » N 0 I D N 0 * D ' * N ONXT * I » K ) , K = 1 ' 4 ) » N O T Y P E < I ) » N O G E O M ( l ) » 
1 N O O U T P * l ) r N 0 S l G ( I ) » F S T S Q * I ) , N O C L K * I ) r 
2 *NOPARS(I»K)rK=lr2)rNOGNXT*I) 
1011 F O R M A T * 1 4 » 6 x » 1 2 » 3 x » 4 1 3 • 6 X ' l 2 r 5 X » I 2 r 2 X . 1 6 X • 7 X r I 2 » 8 X » 1 2 » 5 X • 
1 I 3 » F 8 . 0 » 2 X » F 5 . 0 » l X » F 5 . 0 » 5 X » i p ) 
C 
C SIGNAL OUTPUT 
C 
MAX = MAXSIG 
LAM = AMBERT 
WRITE<6»1020) MAXrNUMSlGrLAM 
1020 F O R M A T * / / / , • SIGNAL OUTPUT MAX = • • I 2 , « N U M R E R = • , 
1 1 2 , * AMBER TIME = * • 1 2 r / / * 2 3 X * • * * * * MAJOR»» 
2 • * * * * , » 2 2 y » , * * * * MINOR * * * * • » / , 
3 • INDEX CYCLE'r2*6X»'OFFSET GREEN RED STATE C L O C K NXT •» 
4 ) ) 
DO 1 0 2 I=1»NUMSIG 
102 WRITE*6»1021) I»STGCYC*I> * < S I G O F F * I , K ) » S I G G R N < I » K ) » S l G R E D ( I »K) • 
1 S I G S T A ( I » K ) , S I G C L K ( I ' K ) , S I G N X T * I , K ),K= 1 ' 2 ) 
1021 F O R M A T * 1 4 » 4 X » 1 4 » 2 ( 8 X U 3 » b X , I 3 , 4 X » I 3 » 5Y » I 2 ' 3 X , I 5 , 1 4 , 2 X ) > 
C 
C LINK OUTPUT. 
C 
MAX = MAXLKS 
WRITE<6 ,1030) MAX.NUMLKS 
1030 F O R M A T * / / / , ' LINK OUTPUT MAX = • H 3 ' * NUMBER = 
1 ' INDEX ID NO. LENGTH LANES MODE LK OPOS L K • » 
2 • DESTINATIONS PROBABILITIES ARM LEFT LKCAP LKCoNT Ql»» 
3 • Q 2 ' , / / ) 
DO 1 0 3 I = 1 » N U M L K S 
103 WRITE < 6 , 1 0 3 1 ) 1»LKID*I»1) » L K l n * I » 2 ) » L K L N G * I ) * LKLANS 1 1 ) » L K M O D * D » 
1 LKOPOS(I)»*LKDEST*I»K)»K=1»3)»*LKPROB<I'K)»K = 1 » 2 ) • 
198 
2 LKARM(I) »LKLEFT(I) ,LKCAP(I) , L K C O N T < T ) »LKo< I»1) »LKQ( T »2> 
1031 FOKMAKI5R4X'?L3. T7 ,6x »I1»6X, T?»7X»I3,3X,2I6»3X»I3»2X» 
1 2F7.3R5X»URBX» T1»3X»I3'6X, I?»2X.2IU) 
IF(K .EQC 0) RETURN 
I F U .EQ. 1) STOP 
C 
C BLOCK OUTPUT 
C 
MAX = MAXBLK 
WRITE<6»1040) MAX tNBLKS 
1040 FORMAT ( * I R L O C K OUTPUT MAX = •»I4»» NUMBER = »'LU'//R 
1 • FIRST * VALUE *»/) 
11 = - 2 4 
104 II = II • 25 
12 = II + 24 
RVRLTE<6»l04l> IL» (BLKARY(II) RLT = II»I2) 
1041 F0RMAT(I5.» *»»25T4) 
IF(I2 .LT. NBLKS) GO TO 104 
C 
C VEHICLE OUTPUT. 
C 
MAX - MAXVEH 
WRLTE<6,ln50) MAX.NUMVEH 
1050 FORMAT(///,» VEHICLE OUTPUT MAX = »,I4»* NUMRER = »»L4,//» 
1 » INDEX DSP ASP LINK LANE TURN LKTIME NEXT TIME • 
2 »» STATES//) 
DO 105 I=1»MAXVEH 
IF(VDSP(I) .EO. 0) GO TO 105 
WRITE(6,1051) I» V D S P(I)»VLK<I).VLAN(I ) » V T URN (I)»VLKTLM(I)» 
1 VEHNXT ( I )»VTIME(I),VSTATE(I) 




C . . . . . C H A I N O U T P U T . 
C 
W R I T E ( 6 » 1 0 6 0 ) V E G T N D » V E G T I M » V F G F L G » M O V F S T » MOvT I M •S I G I N D » SlGTIM 
1 0 6 0 FORMAT(///»» V E G I N D = » » I 5 » » V F G T I M = » ' I 7 , » V E G F L G = •»Il»/» 
1 • M O V F S T = » » I 5 . » M O V T I M = • • 1 7 . / . 
2 » SIGINO = • » I 5 . » STGTIM = " 1 7 ) 
STOP 
ENO 
S U B R O U T I N E E X T E R N ( N T H ) 
C 
C T H I S S U B R O U T I N E R E A D S T H F D A T A C A R D S ON E X T E R N A I 
C N O D E S O N L Y . C O N T R O L I S R E T U R N E D T O T H E C A L L I N G 
C P R O G R A M A F T F R A B L A N K C A R D I S F O U N D 
C 
I N C L U D E D E F I N S 
I N T E G E R A L P H A 
1000 NTH=NTH+1 
READ(5,101) ALPHA.NOLDNO(NTH),NOTYPE(NTH)»NONXT<NTH»1)» 
1 NOPARS(NTH»1)»NOPARSCNTH»2), W0GE0M(MTH) 
IF(ALPHA .EQ. 1H ) GO TO 2000 







C THIS FUNCTION CALCULATES THE AMOUNT OF DELAY. 
C 
INCLUDE DEFINS 
DIMENSION I N T E R S ( . V 3 > 
DATA INTERS /3»2»1» O'O.O. 5.2»1/ 
N = N O G E O M ( N T H ) 
K = VTURN(JTH) 





FUNCTION I G A P ( K T H ) 
C 
C THIS FUNCTION TESTS THE GAP THE VEHICLE IS OBSERVING. 




DATA PROB / -l.» .02' .10. .22' .36» ,50» .61» .74. 
1 .8l» . R * t » .90» .92. »95» . g * . .97. .98' .99» .995* .9995 / 
C 
C ARE THERE CARS ON THIS LINK TO CHECK. 
C 
IF(LKC0NT(KTH) .LF. 0) GO TO 2000 
C 
C CHECK THE SIGNAL FIRST. 
C 
NTH = LKNOD(KTH) 
ITH = NOSIG(NTH) 
1 = 2 - MODCLKARM(KTH)»2) 
IF CSIGSTA(ITH.I) .NE. 0) GO TO 2000 
C 
C CHECK GAP IN EACH LANE OF LINK. 
C 
A G A P(l) = 1000.0 
AGAPC2) = 1000.0 
DO 300 I=l»2 
IF(LKQ(KTH»I) * EO. 0) GO TO lnO 
C 
c Q U E U E E X I S T S * C H E C K T O S E E I F L F A D C A R I S D E L A Y E D . 
J T H = M O V F S T 
10 I F C V L K C J T H ) . M E . K T H ) G O T O 50 
IF(VSTATE(JTH) . G T . 3) GO To 50 
IF(VSTATEtJTH) .LT. 2) GO TO 50 
IF(VLAN ( J T H ) .EQ. I) GO TO 60 
50 JTH = V E H N X T(JTH) 
IF(JTH .EO. 0) CALL DUMP(KTH,•IGAP L»»*KOPOS •r33> 
GO TO 10 
60 IF(VTIME(JTH) .GE. CLOCK) GO TO 1000 
GO TO 200 
C 




100 JTH = MOVFST 
110 I F ( V L K ( J T H ) . N E . KTH) GO TO 1*0 
IF(VSTATE(JTH) *NF* 0) GO TO 150 
IF (VLAN(JTH) .EQ . I ) GO TO 160 
150 JTH = VEHNXT(JTH) 
I F ( J T H .EO. 0) G O TO 200 
GO TO 110 
160 AGAP( I ) = VTIME(JTH) - CLOCK 
200 IF(LKLANS(KTH) .EO. 1) GO TO 301 
300 CONTINUE 
301 GAP = MIN(AGAP(1) ,AGAP(2) ) / i n . O 
C 
C LOOK AT SMALLEST GAP AND COMPARF TO TABLE. 
C 
IF(GAP .GE. 2 0 . 0 ) GO TO 2000 
IFCGAP . L E . 2) GO TO 1000 
INDEX = GAP • O . S 
I F ( R N 1 (ISEED) . L E . PRoBdNDEX)) GO To 2000 
C 
C REJECT. 









C THIS SUBROUTINE READS CARDS FOR ALL NETWORK L l N i / S . 
C AFTER ALL DATA CARDS HAVF BEEN READ» THE ROUTINE 









READ(5» 101) A L P H A » L K I D ( K T H r 1 ) , l K I D ( K T M » 2 ) ' L K L N G ( K T H ) , L K L A n S < K T H ) > 
1 L K O P O S ( K T H ) » L K P r00(k T H » 1 ) ' L K P R O B ( K T H ,2) ' ( L K D E S T ( K T H t K ) > K = 1 ' 3 ) 
C 
C IF IT I S A RLANK CARD' GO TO 2000* 
IFCALPHA .EO. 1H ) GO TO 2000 
C 
C CALCULATE T H E CAPACITY OF THE L I N K . 
C 
LKCAP(KTH) = L K L A n S ( K T H ) * L K L N G ( K T H ) / 2 ? . 0 
C 
C FIND NOnE NUMBER OF THE HEAD NOnE* 
C 
DO 1010 NTH=l.NUMNOS 
IF(NOIDNO(NTH) . E o . L K I D ( K T H , ? ) ) G O T O 1 0 l 5 
1010 CONTINUE 
CALL D U M P ( K T H . • I N P L K S * ' • D O l O l o * ' D 
201 
1015 LKNOD(KTH) = NTH 
DO 1016 I = LR4 
IFCLKLD(KTHRL) »EO» NONXT(NTH.I)) GO TO 1017 
1016 CONTINUE 
CALL DUMP(KTH»•INPLKS*R'DOLOLFTTFL) 
1017 LKARM(KTH) = 1 
C 
C SET UP THE TURNING PROBABILITIES. 
C 
1060 L K P R O B ( K T H • 2 ) = L K P RO B ( K TH»1)+LKPROB(KTH»2) 
IF(LKPROB(KTH*2) .GE. 0.9965) LKPROB(KTH»2) = 1.0 
GO TO 1000 
C 
C FIND LINK OPPOSED TO LEFT TURN. 
C 
2000 NUMLKS=KTH-1 
IF(NUMLKS .GE. MAVLKS) CALL NI IMP(NUMLKS» •INPLKS•»•MAVLKS•» 1) 
DO 2500 KTH=1»NUMLKS 
IF(LK0P0S(KTH) .EG. 0) GO TO 2500 
DO 2100 KTH2=1»NUMLKS 
IF(LKID(KTH2»2) .NE. LKLD(KTH,?)) GO TO 2T+00 
IF(LK0POS(KTH) .Eo. LK ID (KTH2 • 1)) GO TO 2<+50 
2400 CONTINUE 








C THIS SUBROUTINE READS DATA CARDS ON INTERIOR 
C NODES ONLY. CONTROL IS RETURNED TO THE CALLING 
C PROGRAM AFTER A BLANK CARD IS FOUND• 
C 
I N T E G E R A L P H A . T E M P 
I N C L U D E D E F I N S 
I T H = 0 
1 0 0 0 N T H = N T H + 1 
R E A D ( 5 . 1 0 1 ) A L P H A . N O I D N O ( N T H ) , N O T Y P E ( N T H ) * ( N O N X T ( N T H . T ) • 1 = 1 , 4 ) , 
1 N O G E O M ( N T H ) 
I F ( A L P H A . E O . 1 H ) G O T O 3 0 0 0 
F S T S Q ( N T H ) = N B L K S + 1 
N B L K S = N B L K S + 8 
C 
C I F N O N S I G N A 1 I Z E D R E T U R N T O R E A D T N G N E X T N O D E . 
C 
I F ( N O T Y P E ( N T H ) . L F . 4) GO TO 1 0 0 0 
C 
C S I G N A L I 7 E D I N T E R S E C T I O N S R E Q U I R E A D D I T I O N A L CARN. 
C 
I T H = I T H + 1 
N O S I G ( N T H ) = I T H 
R E A D ( 5 . 1 0 2 ) A L P H A . K D U M ' S I G C Y C ( T T H ) » S I G O F F ( I T H » 1 ) » S I G G D N ( I T H , 1 ) , 
1 S I G O F F ( I T H * ? ) » S I G G R N ( I T H . 2 ) 
C 
C C A L C U L A T E S T A T E C H A N G E T I M E S A N D P U T ON C H A I N . 
202 
C 
SIGCYC(ITH) = SIGCYC(ITH) * 10 
DO 2100 1=1,2 
SIGOFF(ITH,I) = ST60FF(ITH,I) * 10 
SlGGRNdTH, I) = STGGRrj(ITH, I) * 10 
SIGRED(ITH, I) = STGCYCdTH) - SIGGRN (ITH, I) - AMBERT 
TEMP = SIGOFF(ITH, I) + SlGGRw(ITH,I) 
IF(TEMP .GT. SIGCYC(ITH)) GO TO 2010 
TEMP = TEMP + AMBFRT 
IF(TEMP .GT. SIGCYC(ITH)) GO TO 2005 
SIGSTA(ITH,I) = 2 
SlGCLK(ITH,I) = SIGOFF(ITH,I) 
GO TO 2020 
2005 SlGSTAdTH, I) = 1 
SIGCLK(ITH,I) = TFMP - SIGCYC(ITH) 
GO TO 2020 
2010 SIGSTA(ITH»D = 0 
SIGCLK(ITH,I) = TFMP - SIGCYC(lTH) 
C 
C PUT SIGNAL ON EVENTS CHAIN. FIRST CHECK EMPTY rHAlN' 
C 
2020 IF(ITH*I .EQ. 1) GO TO 2090 
C 
C NEXT SEE IF IT SHOULD BE FIRST. 
C 
ITHOLD = ABS(SIGIND) 
IOLD = 1 
IF(SIGIND .LE. 0) IOLD = 2 
IF(SIGCLK(ITH,I) .LE. SlGCLK(ITHOLD,IOLD)> GO TO 20fln 
C 
C MUST BRACKET BETWEEN AN OLD AND A NEw. 
C 
2025 ITHNEW = SlGNXT(ITHOLD'IOLD) 
IF(ITHNEW) 2050,2030,2035 
2030 INEW = 1 
GO TO 2075 
2035 INEW = 1 
GO TO 2055 
2050 ITHNEW = - I T H N E W 
INEW = 2 
C 
C IF NEW RlGGFR, HAVE FOUND SPOT TO INSERT. 
C 
2055 I F ( S I G C L K ( I T H N E W , I N E W ) .GE. SlGCLK( ITH,I>> GO TO 207s 
C 
C OTHERWISE CHANGE NEW TO O L D A N D CHECK NEXT SLOT. 
C 
ITHOLD = ITHNEW 
IOLD = INEW 
GO TO 2025 
C 
C POSITION FOUND PUT ON CHAIN. 
C 
2075 IF(I .EQ. 1) GO TO 2o76 
SIGNXT(ITH0LD,I0LD) = -ITH 
GO TO 2077 
2076 SIGNXT(ITHOLD,IOLD) = ITH 
203 
2077 IF(INEW .EQ. l) GO To 2078 
SIGNXT(ITH»I) = -ITHNEW 
GO TO 2100 
2078 SIGNXT(ITH»I> = ITHNEW 
GO TO 2100 
C 
C PUT AT HEAD OF CHAIN. 
C 
2080 SIGNXT(ITH»I) = SlGIND 
SIGIND = ITH 
IF(I .EQ. 2) SIGIND = -ITH 
SIGTIM = SlGCLK(ITH,I) 
GO TO 2100 
C 
C ...... FIRST SIGNAL ON CHAIN. 
C 
2090 SIGIND = 1 
SIGTIM = SlGCLK(l.l) 
C 
C END OF DO LOOP. 
2100 CONTINUE 
C 
C GO BACK AND READ DATA ON NEXT NODE. 
C 
GO TO 1000 
C 
C ..... SET PARAMETERS. 
C 
3000 NUMNOS = NTH - 1 
iFtNUMNOS .GE. MAXNO) CALL DUMP(NUMNoS' * INTERN* » » M A X M O M ) 
I E(NBLKS .GT. MAXRLK) CALL DUMP(NBLKS»'INTERN*»'MAXBLK*»1) 
NUMSIG - ITH 
IF(NUMSIG .GE. MAXSIG) CALL DUMP(NUM« U G ,»INTERN*,» M AYS I G « ,1) 
RETURN 
C 
C FORMAT STATEMENTS 
C 
101 F0RMAT(A1»I3» I2»<tl3»ll> 
102 F0RMAT(A1,I3,5I3) 
END 
SUBROUTINE ISo( I ,KTH,NTH,JTH»I ARM»11»12> 
C 
C THIS SUBROUTINE CHECKS THE SQUARE INDICATED BY I. 
C IF A SQUARE IS AVAILABLE. THE OUTPUT IS THE RLOC.K 
C INDEX. IF UNAVAILABLE, THE OUTPUT I s THE NEGATIVE 




DATA I ADD /3» 4 » 2,1 , 4 1 2 * 1» 3 1 2 1 1 , 3 1 4 1 1 1 3 1 *»»2/ 




100 12 = 0 
IB = FSTSO(NTH) • (IADD(IARM,I) - D * 2 
IF (BLKARY (IB) .NE. 0) G O T O n o 
204 
I I = IB 
RETURN 
110 I I = -BLKARY( IB) 
RETURN 
C 
C FOUR BY FOUR. 
C 
200 CONTINUE 
I B = FSTSO(NTH) + ( I A n D ( l A R M » i ) - D * 2 
I F ( B L K A R Y ( I B ) •NE. 0) GO TO 21O 
11 = IB 
GO TO 230 
210 I I = -BLKARY( IB) 
230 I B = IB + 1 
I F ( B L K A R Y ( I B ) •NE. 0) GO TO 2 H 0 
12 = IB 
RETURN 
240 12 = -BLKARY( IB) 
RETURN 
END 
SUBROUTINE ISQOUT( I»KTH»NTH»JTH»IARM) 
C 
C . . . . . THIS SURROUTINE FINDS THE BLOCK THE VEHICLE WAS IN 
C AND REMOVES THE VEHICLE. 
C 
INCLUDE DEFINS 
DIMENSION I A D D ( 4 , t . ) 
DATA I A D D / 3 , 4 , 2 » l , 4 , 2 , l ' 3 ' 2 d , 3 » 4 » l » 3 , 4 ' 2 / 
C 
I B = FSTSO(NTH) + ( I A n D ( l A R M , i ) - l ) * 2 
I F ( B L K A R Y ( I B ) .NE. J T H ) GO To 15 
5 BLKARY(IB) = 0 
I F ( I .NE. 3) RETURN 
10 IB = IB • 1 
BLKARY(IB) = 0 
RETURN 
15 IB = IB • 1 
I F ( B L K A R Y ( I B ) .NE . JTH) CALL DUMP(JTH»"ISQOUT* * *NOFlnD* »18) 





C T H I S S U B R O U T I N E M O V E S V F H I C L E S ON T H E V E H I C L E MOVE 
C C H A I N . T H E O R D E R I N W H T C H V E H I C L E S A R E P R O C E S S E D 
C D E P E N D S ON T H E I R S T A T E A N D I S S P E C I F I E D B Y T H E 
c A R R A Y C A L L E D O R D E R . 
c 
INCLUDE DEFINS 
PARAMETER FSTGAP = 38 
INTEGER DELFAC»DISGAP»TIME»ORDFR(7)rDFLAY 
DIMENSION I T I M E ( 3 » 3 , 3 ) » D l S G A p ( s ) 
DEFINE T l M E ( I . J r K ) = I T I M E ( I , J , K ) 
DATA DISGAP / 3 1 , 2 7 , 2 4 , 2 2 , p i / 
DATA ITIME / 1 » 1 » 1 , 1 » 1 » 0 , 1»0,0» 0 ,0»n» 0»0»0> 0 , 0 , 0 , 
1 2»1»2» 1»1»0» 1 » 0 * 0 / 
DATA 0 R D E R / 0 » f t # 5 , 4 » 2 » 3 » l / 
205 
C * * « * w R I T E ( 6 » l ) 
1 FORMAT(• MOVVEH SUBROUTINE,•) 
C * * * * CALL CHAIN 
DO 1000 M = l , 6 
INUEX = ORDER(M) 
C 
C SET UP TO START AT HEAD OF CHAIN, 
C 
KGOTO = INDEX + 1 
25 JTHLST = 0 
JTH = MOVFST 
I F ( J T H .EQ. 0) Go TO 1010 
C 
C C H E C K E V E N T T I M E OF THIs VEHICLE. 
C 
50 I F ( V T I M E ( J T H ) .GT. CLOCK) GO TO 1000 
JTHNXT = VEHNXT(JTH) 
C 
C IS T H I S VEHICLE IN THE RIGHT S T A T E . 
C 
IF(VSTATE(JTH) . N F . I N D E X ) GO TO 975 
KTH = VLK(JTH) 
NTH = L K N O D ( K T H ) 
ILANE = VLAN(JTH) 
C 
C IF T H I S IS A TERMINATE N O D E » S K T P OUT OF T H I S AoEA. 
C 
IF(NOTYPE(NTH) . L T . 3) GO T o flOO 
C 
C B R A N C H R A S E D ON THE S T A T F OF THF V E H I C L E . 
C 
GO TO (10O»975»3on»40n»500»60n»700)»KGOTO 
100 CONTINUE 
C 
C AN ARRIVAL, FIRST C H E C K THE QUEUE• 
C 
DEt_FAC = 0 
IF (LKQ(KTH»ILANE) . E Q . 0) GO TO 112 
C 
C PUT IN QUEUE. NO CHANGE IN CHAIN POSITION. 
C 
LKQtKTH, ILANE) = LKQ(KTH, ILANE) + 1 
I F ( L K Q ( K T H » I L A N E ) .GT . L K M A X Q (KT H » I L A N E > ) L K M A X Q ( K T H , I L ANE ) = 
1 L K Q ( « T H # I L A N E ) 
L K S T O P ( K T H » I L A N E ) = L K S T O P ( K T H • I L A N E ) + 1 
VSTATE(JTH) = 1 C * * * * WRITE(6»3) JTH#KTH»ILANE'VSTATE(JTH) 
GO TO 975 
C 
C BRANCH RASED ON LIGHT STATE. 
C 
112 ITH = NOSIG(NTH) 
12 = 2 - MOO(LKARMtKTH)»2> 
I F ( S I G S T A ( I T H . 1 2 ) - 1) I 6 0 » l 2 0 » l l 5 
C 
C RED LIGHT, RESCHEDULE MovE EVENT. 
C 
206 
115 VTIME<JTH> = SlGCl K(ITH,I2) • FSTGAP 
VTIME(JTH) = VTIMF(JTH) / 10 * 10 
GO TO 122 
C 
1 2 1 VTIME(JTH) = FSTGAP * SlGCLK(JTH»12) • SIGRED<ITH,12) 
VTIME(JTH) = VTIMF(JTH) / 1 0 * 10 
1 2 2 IE(DELFAC .GT. 0 ) GO TO 1 2 3 
LKU(KTH,ILANE) = 1 
IF(LKMAXQ(KTH,ILANE) .EQ. 0 > LKMAXQ(KTH,ILANE) = 1 
LKSTOP(KTH'ILANE) = LKSTOP(KTH,ILANE) + 1 
1 2 3 VSTATE(JTH) = 2 
LKDIS(KTH,ILANE) = 0 
C**** V»RITE (6»6) J T H » K T H » I L A N E , VTlME(J T H ) 
GO TO 9 5 0 
C 
C ..... LEFT TURNS WHO WERE BLOCKED WlLl TRY TO SNEAK THROUGH. 
C 
1 2 5 IF(INDEX .NE. 3 ) GO TO 1 2 1 
KTHNXT = L K D E S T ( K T H , 1 ) 
IF(LKCAP(KTHNxT) .LE. L K C O N T ( K T H N X T ) ) GO TO 1 2 1 
C 
C BRANCH ON NUMBER OF LANES. 
IF(LKLANS(KTH) .Eo. 2) GO TO 127 
C 
C SINGLE LANE MUST HAVE Si OPEN AND NO LEFT TURNS 
C IN S2. 
C 
C A L L I S Q ( 1 » K T H » N T H » J T H » L K A R M ( K T H ) , I B » T B 2 ) 
I F ( I B . L T . 0 ) GO TO 1 2 1 
C A L L I S Q ( 2 » K T H » N T H » J T H » L K A R M ( K T H ) » I B 2 , I B D 
G O T O 1 3 0 
C 
c Two L A N E S T R E E T R E Q U I R E S S P A C E I N S I A N D NO L E F T 
C T U R N I N E I T H E R Si O R S 2 . 
C 
1 2 7 C A L L I S Q ( 1 » K T H » N T H » J T H » L K A R M ( K T H ) , I B 1 , I B 2 ) 
I F(iBl . L T . 0 . A N D • I R 2 . L T . n) GO To 1 2 1 
I B = M I N ( I B 1 , T B 2 ) 
I F ( I B . G T . 0 ) G O T O 1 2 8 
J T H C H K r - I B 
I F ( V T U R N ( J T H C H K ) . E Q . 1 ) GO T O 1 2 1 
I B = M A X ( I B 1 , I B 2 ) 
C 
1 2 8 C A L L I S Q ( 2 » K T H , N T H » J T H » L K A R M ( K T H ) » I B 1 , I B 2 ) 
I F I I B 1 . G T . 0 ) GO T O 1 3 0 
I F ( V T U R N ( - I B I ) . E O . 1 ) G O TO \ 2 1 
1 3 0 I F ( I B 2 . G T . 0 ) GO T O 1 3 5 
I F ( V T U R N ( - I B 2 ) « E Q . 1 ) G O T O 1 2 1 
C 
C MOVE T H F V E H I C L E I N T O T H F I N T E R S E C T I O N . 
C 
C ..... AMBER LIGHT* CHECK FOR A LEFT TURN. 
C 
120 IFCVTURN(JTH) .EO. 1) GO TO i?5 
C 
C STRAIGHT AND RIGHT TURNS STOP FOR LIGHT. 
C 
135 V T I M E ( J T H ) = C L O C K + T l M E < 1 » 1 . N O G E O M ( N T H ) ) * 1 0 + DELcAC 
V T I M E < J T H ) = V T I M F ( J T H ) / 1 0 * 1 0 
G O T O 9 4 0 
G O T O 940 
C 
C L E F T T U R N V F H I C L E S . C H F C K F O R I E F T T U R N IN F R O M T . 
C 
190 IB = MIN(IB1»IB2) 
I F U B . G E . 0) G O T O 192 
I F ( V T U R N ( - I B ) . E Q . 1) GO T O 1^2 
192 I B = MAX(IBl»lB2) 
C A L L I S Q ( 2 » K T H , N T H * J T H » L K A R M ( K T H ) , I B l . l B 2 ) 
IFCIBl . G T . 0 ) G O T O 1 9 5 
C . . . . . G R E E N S I G N A L * F I R S T C H E C K S I F O R S P A C E . 
C 
160 C A L L I S Q ( 1 » K T H , N T H # J T H ' L K A R M ( K T H ) » I B l » l B 2 > 
I F Q B l . G T . 0 . O R . IB2 . G T . 0 ) G O T O 165 
C 
C V E H I C L E I S R L O C K E D . P U T I N S T A T E 3 A N D H O L D T H E 
C P R E S E N T C H A I N P O S I T I O N . 
C 
162 V S T A T E ( J T H ) = 3 
C * * « * H R I T E ( 6 » 7 ) J T H » K T H » I L A N E 
I F ( D E L F A C . G T . 0 ) G O T O 975 
L K Q ( K T H » I L A N E ) = 1 
I F ( L K M A X Q ( K T H » I L A N E ) . E Q . 0 ) L K M A X Q ( K T H * I L A N E ) = 1 
L K S T O P ( K T H » I L A N E ) = L K S T O P ( K T H , I L A N E ) + 1 
163 G O T O 975 
C 
C . . . . . N E X T C H E C K C A P A C I T Y O F E X I T L I N K A N D P U T I N 
C T H E B L O C K E D S T A T E I F L I N K I S F U L L * 
C 
165 K = V T U R N ( J T H ) 
K T H N X T - L K D E S T ( K T H * K ) 
I F ( L K C A P ( K T H N X T ) . L E . L K C O N T ( K T H N X T ) ) G O T O 162 
C 
C O T H E R W I S E B R A N C H ON T U R N I N G M O V F M E N T . 
C 
G O T O ( 1 9 0 » 1 7 s * l 7 0 )»K 
C 
C R I G H T T U R N T R A F F I C . 
C 
170 1 3 = M A X ( I B 1 * I B 2 ) 
V T I M E ( J T H ) = T I M E ( 1 * 3 » N 0 G E 0 M ( N T H ) ) * 1 0 + D E L F A C CLnCK 
V T I M E ( J T H ) = V T I M E ( J T H ) / 1 0 * 1 0 
G O T O 9 4 0 
C 
C S T R A I G H T T R A F F I C * 
C 
175 IB = M A X ( I B 1 * I B 2 ) 
I F ( L K L A N S ( K T H ) . E G . 2) GO To 1 8 0 
C A L L I S Q ( 2 » K T H » N T H * J T H » L K A R M ( K T H ) » I R 1 , I B 2 ) 
I F ( I B 1 . G T . 0 ) G O TO 1 8 0 
I F ( V T U R N C - I B I ) « E O . 1 ) GO T O 162 
1 8 0 V T I M E ( J T H ) = T I M E ( 1 1 2 * N O G E O M ( N T H ) ) * 1 0 • D E L F A C + C L O C K 
V T I M E ( J T H ) = V T I M F ( J T H ) / 1 0 * 1 0 
C 
Page missing from thesis 
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CALL I S Q 0 U T ( 2 , K T H . N T H , J T H ' L K A R M ( K T H > ) 
DELFAC - 0 
IF(VTIME(JTH) .NE. CLOCK) DELFAC = In 
GO TO 900 
C 
C LEFT T U R N MUST CHECK GAP AND S3 
610 IF(IGAP(LK0P0S(KTH)) .EO. l) GO TO 975 
CALL I S Q(3»K TH» N T H , J T H»LKARM(KTH),IB1.IB2) 
IF(IB1 .LT. 0 .OR. IR2 .LT. 0) GO To 975 
BLKARY(IB1) = JTH 
IF(IB2 .GT. 0) BIKARY(IB2) = jTH 
C***« WR1TE(6»10) JTH»NTH 
CALL ISQ0UT(2,KTH.NTH,JTH»LKARM(KTH)) 
VSTATE(JTH) = 6 
DELFAC - 0 
IF(VTIME(JTH) .NE. CLOCK) DELFAC = In 
V T I M E ( J T H ) = T I M E ( 3 . 1 » N 0 G E 0 M ( N T H ) ) * 10 • DELFAC • C L O C K 
VTIME(JTH) = VTIME(JTH) / 10 * 10 
GO TO 950 
C 
C VEHICLE TO FXIT S3. CHFCK CAPACITY. 
C 
700 KTHNXT = LKDEST(KTH,1) 
1F(LKCAP(KTHNXT) .LE. LKCONT(KTHNXT)) GO TO 975 
DELFAC - 0 
CALL ISQ0UT(3.KTH,NTH,JTH'LKARM(KTH)) 
GO TO 900 
C 
C TERMINATION SECTION. 
C 
800 NUMVEH = NUMVEH - 1 
ITURN = VTURN(JTH) 
LKVUKTH, ILANE) = LKVL(KTH, ILANE) • 1 
LKVD(KTH,ITURN) = LKVD(KTH,ITURN) • 1 
VDSP(JTH) = 0 
VEHNXT(JTH) = 0 
LKCONT(KTH) = LKCONT(KTH) - 1 
C**** WRITE(6,2) J T H , N T H 
IF(JTHLST .EQ. 0) GO TO 810 
VEHNXT(JTHLST) = JTHNXT 
GO TO 980 
810 MOVFST = JTHNXT 
GO TO 980 
C 
C ADVANCE VEHICLE TO NEW L T N K . 
C 
900 DELAY = IDELAY(JTH,KTH,NTH) + nELFAC 
ITURN = VTURN(JTH) 
LKVL(KTH,ILANE) = LKVL(KTHtILANE) • 1 
LKDEL(KTH. I L ANE) = LKnEL(KTH,ILANE) + DELAY 
LKVD(KTH,I TURN) = LKVD(KTH,ITURN) • 1 
LKDELD(KTH,ITURN) = L KD E L D ( K T H . I T U R N ) • DELAY 
LKCONT(KTHNXT) = L K C O N T ( K T H N X T ) + 1 
VSTATE(JTK) = 0 
C**** WRITE(6,8) J T H » K T H N X T 
VLK(JTH) = KTHNXT 
X = RNI(ISEED) 
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DO 905 1 = 1 »2 
I F ( X . L E . LKPROBUTHNXT' I ) ) GO T O 91n 
905 CONTINUE 
VTURN(JTH) = 3 
VLAN(JTH) = LKLANS(KTHNXT) 
GO TO 920 
910 V T U R N ( J T H ) = I 
I F C I .EQ. 2) GO T O 915 
VLAN(JTH) = 1 
GO TO 920 
915 VLAN(JTH) = R N K I S E E D ) * L K L A N S (KTHNXT) • 1 
920 VLKTIM(JTH) = CLOCK + DELFAC 
VTIME(JTH) = LKLNfi(KTHNXT) * 10 / VDSP(JTH) + DELFAC ± CLoCK 
ILANE = VLAN(JTH) 
IF (VT IME(JTH) . L T . LKARVT(KTHNXTtILANF ) • 10) VTIME(JTH) = 
1 L K A R V T ( K T H N J X T , T L A N F ) + 1 0 
VTIME(JTH) = VTIMF(JTH) / 10 * 1 0 
LKARVT(KTHNXT, I L A N J E ) = V T I M E ( J T H ) 
IF(JTHLST . N E . 0) GO T O 925 
MOVFST = JTHNXT 
GO TO 930 
925 VEHNXT(JTHLST) = JTHNXT 
930 CALL VCHAINtJTH»VTIME(JTH)) 
I F ( J T H N X T .EQ. V E H N X T ( J T H ) ) J T H L S T = J T H 
GO TO 980 
C 
C MOVE INTO S t . 
C 
940 BLKARY(IB) = JTH 
VSTATE(JTH) = 4 
LKQCLK(KTH»ILANE) = CLOCK 
C * * * * WRITE(6»5) J T H » K T H » I L A N E » V T l M E ( J T H ) 
C 
C FIND NEW POSITION ON CHAIN. 
C 
950 IF(JTHLST .NE. 0) GO TO 955 
MOVFST = JTHNXT 
GO TO 960 
955 VEHNXTtJTHLST) = JTHNXT 
960 CALL VCHAIN(JTH»VTIME(JTH)) 
I F ( J T H N X T .EQ. V E H N X T ( J T H ) ) J T H L S T = JTH 
I F ( V S T A T E ( J T H ) »NE• <*) GO TO 980 
C 
C . . . . . VEHICLES MOVED TO S I REQUIRE ADDITIONAL PROCESSING. 
C 
LKCONT(KTH) = LKCONT(KTH) - 1 
IF(DELFAC .NE . 0) LKo(KTH»ILANE) = LKO(KTH»ILANE) - 1 
IF(LKQ(KTH»ILANE) .GT. 0) GO TO 961 
L K D I S ( K T H » I L A N E ) = 0 
GO TO 980 
961 N = L K D I S ( K T H , I L A N E ) + 1 
LKDIS(KTH, ILANE) = N 
I F ( N .GT. 5) N = 5 
JTHLSP = 0 
JTHP = MOVFST 
962 JTHNXP = VEHNXT(JTHP) 
IF (VTIME(JTHP) .GT. CLOCK) CALL DUMP(KTH» »MOWEH», , Q C E R C H » »342) 
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963 
I F ( V L K ( J T H P ) . N E . K T H ) 60 T O 963 
I F ( V S T A T E ( J T H P ) . M E . l ) 60 To 963 
I F ( V L A N ( J T H P ) . E Q . I L A N E ) GO T O 965 
J T H L S P = J T H P 
J T H P = J T H N X P 
I F ( J T H P . E Q . 0) C A L L D U M P ( K T H , » M O W E H » ' F Q S E R C H . , 3 4 8 ) 
60 T O 962 
NEW L E A D E R I N Q U E U E * P U L L O U T AMD S C H E D U L E T O D T S C H A R G E . 
965 I F U T H L S P .EQ. 0) GO TO 967 
VEHNXTIJTHLSP) = JTHNXP 
GO TO 968 
967 MOVFST = JTHNXP 
968 VTIME(JTHP) = (CLOCK + D l S G A p ( N ) ) / i n * 10 
VSTATE(JTHP) = 3 
CALL VCHAIN(JTHP,VTIME(JTHP)) 
C * * * * wRITE(6»4) JTHP »KTH,ILANE *VTIME(JTHP) 
GO TO 25 
C 




. . . . . NO C H A N G E I N C H A I N P O S I T I O N . 
J T H L S T = J T H 
. . . . . C H E C K N E X T V E H I C L E . 
I F ( J T H N X T . E Q . 0) GO T O 1000 
J T H = J T H N X T 
G O T O 50 
E N D O F D O L O O P . 
1000 C O N T I N U E 
FIND TIME OF NEXT EVENT 
JTH = MOVFST 
1001 I F U T H .EO. 0) GO 
I F ( V T I M E U T H ) .GT. 
JTH =VEHNXT(JTH) 
GO TO 1001 
1005 MOVTIM = VTIME(JTH) 
RETURN 
1010 MOVTIM = 2 * * 3 0 
RETURN 
2 FORMAT(» TERMINATE • 
3 FORMAT(» VEH ' , 1 4 , 
4 FORMAT(» »»T4, 
5 FORMAT I» VEH » » I 4 , 
6 FORMAT(» VEH * » T4» 
7 FORMAT(• VEH ' » I 4 » 
8 FORMAT(• VEH * , 1 4 , 
9 FORMAT(• VEH * »14, 
10 FORMAT(• VEH » ,T4» 
E N D 
FUNCTION RNKISEED) 
TO 1010 
CLOCK) GO TO 1005 
» I4»» AT NODE » , I 4 ) 
PUT IN QUEUE » , 1 4 ' 1 2 , » 
TO EXIT oUEUE » , I 4 , I ? , « AT 
EXIT QUEUE » , I 4 , l 2 , » TO SI 
LIGHT STOP QUEUF , ' I 4 » I 2 » , 
BLOCKED AT QUEUE ' ' 1 4 , 1 2 ) 
ADVANVEn TO NEW LINK ' , 1 4 ) 
EXIT S I MOVES TO S2 AT NODE 
EXIT S2 MOVES TO S3 AT NODE 
STATE f » T 2 ) 
TIME » , I 7 ) 
WILL MOVE'»17) 
WILL MOVE*»17) 
» » 14) 
» » I 4 ) 
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C THIS FUNCTION GFNERATES UNlFORMi Y DISTRIBUTED 
C RANDOM NUMBFRS RETwEEN n AND 1 
C 
ISEED=ISEED*l f lb333 
IF ( ISEED . L T . 0) lSEED=ISEED+34359738367+l 





C THIS SUBROUTINE DOES THE FINAL SETUP ON ALL DATA 
C FILES BFFORE THF SIMULATION BEGINS. 
C 
INCLUDE DEFINS 
VEGTIM = 2**3(1 
VEGIND = 0 
C 
C . . . . . FOR EACH NODE 
DO 2000 NTH=1.NUMNOS 
IF(N0TYPE(NTH) .GT . 2) GO TO i s O O 
IF(NOTYPE(NTH) .EG. 2) GO TO ?n00 
C 
C . . . . . GENERATE NOnES* SET TIMF OF FIRST ARRIVAL. 
NOPARS(NTH»1) = 3 f t000 . / NOPARS(NTHr1) 
DO 1001 1=1,100 
1001 A = RNKISEED) 
NOSEED(NTH) = ISEED 
NOCLK(NTH) = TBAGFN(NTH) 
C 
C FIND LINK TO PUT VEHICLES ON. 
DO 1100 KTH=1,NUMLKS 
1F(N0NXT(NTH»1) .FQ. L K l D ( K T H . p ) .AND. NOlDNO(NTH) . E o . L « I D ( K T H , 1 
l ) ) GO TO 1110 
1 1 0 0 C O N T I N U E 
C A L L D U M P ( N T H , ' S E T U P • » » D O 1 1 0 0 • • 1 ) 
1 1 1 0 N O O U T P ( N T H ) = K T H 
C 
C P U T ON C H A I N . I F C L O C K I S S M A L L P U T F I R S T . 
C 
I F ( N 0 C L K ( N T H ) . G T . V E G T I M ) Go T O 1 2 1 0 
V E G T I M = N O C L K ( N T H ) 
N O G N X T ( N T H ) = V E G T N D 
V E G I N D = N T H 
G O TO 2 0 0 0 
C 
c P U T O N C H A I N B E T W E E N TWO N O D E S . 
c 
1 2 1 0 N T H L S P = V E G I N D 
1 2 2 0 N T H P = N O G N X T ( N T H L S P ) 
I F ( N T H P .EQ. 0 ) GO TO 1 2 ^ 0 
1 F ( N 0 C L K ( N T H ) . L E . N O C L K ( N T H P ) ) GO To 1 2 < t 0 
N T H L S P = N T H P 
G O T O 1 2 2 0 
1 2 4 0 N O G N X T ( N T H ) = N T H P 
N O G N X T ( N T H L S P ) = N T H 
G O T O 2 0 0 0 
C 
213 
C INTERNAL NODES 
C 
1500 CONTINUE 
I T H = N O S I G ( N T H ) 
I F ( I T H . E O . 0) 60 T O 2000 
I D N T H = N O I Q N O ( N T H ) 
C 
C T A K E E A C H L T N K A N D S E E I F I T I S C O N N E C T E D T O T H T S 
C N O D E * 
C 
DO 1600 K T H = 1 .N U M L K S 
C 
C C H E C K F O R I N P U T T O T H I S N O D E . 
I F ( L K I D ( K T H , 2 ) . N E . I D N T H > GO T O 1600 
C 
C O K * NOW F I N D O U T W H E R E I T C A M E F R O M . 
DO 1520 1=1,4 
I F ( L K I D ( K T H * 1 ) . E O . N O N X T ( N T H , I ) ) G O T O 1525 
1520 CONTINUE 
CALL DUMP(KTH,'SETUP * *•D0l52n»»1> 




C FOR EACH LINK FIND THE DESTINATIONS. 
DO 3000 KTH=1, NUMLKS 
DO 2500 1=1,3 
IF(LKDEST(KTH,I) .EQ. 0) GO TO 2500 
DO 2400 KTHCHK=1»NUMLKS 
IF(LKID(KTHCHK'2) .NE. LKDEST{KTH* I)) GO TO 2400 
IF(LKID(KTHCHK'1) .NE. LKlD(KTH*2>) GO TO 2400 
LKDEST(KTH*I) = KTHCHK 








C . . . . . T H I S S U B R O U T I N E U P D A T E S A S I G N A L L I G H T • A D D I T I O N A L L Y , 
C T H E O T H F R L I G H T S A R E C H E C K E D F O R A S T A T E C H A N G E A T 
C T H E C U R R E N T C L O C K T I M E . 
C 
I N C L U D E D E F I N S 
C 
C F I R S T E S T A B L I S H M A J O R OR M I N O R AND I F C H A N G E I S R E A L L Y 
C W A N T E D NOW. 
C 
10 ITH = ABS(SIGIND) 
I = 1 
IF(SIGIND .LE. 0) 1 = 2 
IF(SIGCLK(ITH,I) .GT. CLOCK) GO TO 700 
C 
C BRANCH RASED ON OLD STATF. 
C 
IF(SIGSTA(ITH,D-1 ) ]00»200*3n0 
C O L D S T A T E WAS 6 R E E N ' CHANGE T O AMBER, 
C 
1 0 0 S I G S T A ( I T H ' I ) = 1 
S I 6 C L K ( I T H » I ) = S T G C L K ( I T H . I ) • A M B E R T 
G O T O 5 0 0 
C 
C O L D S T A T E WAS A M B E R ' CHANGE T O R E D , 
C 
2 0 0 S l G S T A ( I T H ' I ) = 2 
S I G C L K ( I T H ' I ) = S I G C L K ( I T H . I ) • SlGREn( I T H .I) 
G O T O 5 0 0 
C 
C O L D S T A T E WAS R E D ' C H A N G E T O G R E E N . 
C 
3 0 0 S I G S T A ( I T H ' I ) = 0 
S I G C L K ( I T H ' I ) = S T G C L K ( I T H ' I ) + S I G G R M ( I T H . I ) 
C 
C F I N D T H E N E X T S I G N A L T o C H A N G E AND THEN PUT THIc 
C S I G N A L ON T H E CHAIN. 
C 
5 0 0 S I G I N D = S I G N X T ( I T H ' I ) 
C 
I T H O L D = A R S ( S I G I N D ) 
I O L D = 1 
I F ( S I G I N D . L E , 0 ) I O L D = 2 
C 
I F ( S I G C L K ( I T H , I ) . G T , S l G C L K ( I T H O L D » I O L D ) ) G O T O 5 2 5 
C 
C P U T B A C K A T H E A D O F C H A I N . 
C 
S I G I N D = I T H 
I F ( I . E Q . 2 ) SIGTND = "ITH 
G O T O 7 0 0 
C 
C B R A C K E T A P O S I T I O N ON T H F C H A I N - B E T W E E N AN 
C O L D A N D A N E W . 
C 
5 2 5 I T H N E W = S l G N X T ( I T H O L D ' I O L D ) 
I F ( I T H N E W ) 5 5 0 ' 5 3 0 » 5 3 5 
5 3 0 I N E W = 1 
GO T O 5 7 5 
5 3 5 I N E W = 1 
GO T O 5 5 5 
5 5 0 I T H N E W = - I T H N E W 
I N E W - 2 
C 
C I F T I M E F O R NEW B I G G E R » H A V E F O U N D T H E S P O T 
C 
5 5 5 I F ( S I G C L K ( I T H N E W . I N E W ) . G E . S l G C L K ( I T H » I ) > G O T O 5 7 5 
C 
C C H A N G E NEW T O O L D A N D C H E C K N E X T S P O T . 
I T H O L D = I T H N E W 
I O L D = I N E W 
6 0 T O 5 2 5 
C 
215 
C POSITION FOUND, PUT SIGNAL ON THE CHAIN. 
C 
575 IF(I .EO. 1) GO TO 576 
SlGNXT(IT HOLD,IOLD) = -ITH 
GO TO 580 
576 SlGNXT(ITHOLD,IOLn> = ITH 
580 lFdNEW .EQ. t> GO To 58l 
SlGNXTtlTH,I) = -ITHNEW 
GO TO 10 
581 SIGNXT(ITH»D = ITHNEW 
GO TO 10 
C 
C ..... LAST SIGNAL TO PROCESS NOW• 
C 
700 SIGTIM = SIGCLK(ITH,I) 
C**** WRITE(6,1) SIGTIM.ITH.I,((SlGCLK(K.J).SlGSTA(K.J),J=1.2),K = 1» 
C****l NUMSIG) 
1 FORMATd SIGCHK SUBROUTINE SlGTIM =',I9»' ITH = 





0*TA ARY / -l.» 0.07, 0.97, l.o / 
X=RN1(ISEED) 
DO 100 1=2,4 
IF(ARY(I) .GE. X) GO TO 200 
100 CONTINUE 





C ...... THIS SURROUTINE CLEARS THE STATISTICS AFTER WARMUP 




C IF FINISH, r,0 TO 1000 
IF(K .EQ. 2) GO TO 1000 
DO 200 KTH = 1,NUMLKS 
DO 100 I=l»2 
LKMAXQUTH, I) = LKQ(KTH»I> 
LKSTOP(KTH»I) = 0 
LKUEL(KTH,I) = 0 
100 LKVL(KTH,I) = 0 
DO 200 1=1,3 
LKDELDtKTH,I) = 0 
200 LKVD(KTH,I) = 0 
RETURN 
C 
C PRINT THE STATISTICS IN THIS SECTION. 
C 
1000 TOTIM = FINISH - WARMUP 
WRITE(6»1) 
1 FORMATdHl»21X»'VFHICLE COUNT•»15X»•VEHICLE V0LUMF»,2lX» 
1 'VEHICLE DELAY',14X.'DELAY p FR VEHICLE',/,' LINK LANES 
216 
2 ' L A N E 1 LANE 2 TOTAL L A N E 1 L A N E 2 TOTAL 1» 
3 1 2 X , ' L A N E 1 LANE 2 TOTAL I A N E 1 LANE 2 TOTAL'»/) 
DO 1100 KTH=1,NUMLKS 
LKVTOT = LKVL(KTH.l) + LKVL<KTH«2> 
LKVOL1 = LKVL(KTH,1) * 36000 / T O T I M 
LKV0L2 = LKVL(KTH»2) * 36000 / T O T I M 
LKVOLT = LKVOi. 1 + LKVOL2 
LKDELT = LKDEL(KTHfl) • LKDEL(KTH,2) 
DELVLl = LKDEL(KTM»1) / FLOAT(LKVL(KTH,1>) 
DELVL2 = LKDEL<KTH»2) / FLOAT(LKVL<KTH,2)> 
DELVLT = LKDELT / FLOAT(LKVL(KTH,1) + LKVL(KTH,2)) 
1100 wRITE<6»2) K T H » L K L A N S ( K T H ) » L K V L ( K T H , 1 > , L K V L ( K T H , 2 ) r L K V T O T . 
1 LKVOL1,LKV0L2 , LK VOLT 'LKDEL (KTH,1) , L K D E L (KTH»2 > ,LKDEI_T, 
2 DELVL1,DELVL2,DFLVLT 
2 F0RMAT(I « * , < t X,l2»2(lX,3l9) ,9X,3T9,2X,3F9»2) 
WRITE<6»3) 
3 F0RMAT(///,14X,'VFHICLE S T O P S 1 I X , ' MAX QUEUES' ,11X' 'TURNS' • 
1 19Xr'TURN DELAY•»11X ,'TURN DFLAY PER VEHICLE',/, 
2 • LINK LANE 1 LANE 2 TOTAL LANE 1 LANE 2 LEFT', 
3 ' STRAIGHT RIGHT LEFT STRAIGHT RIGHT LEFT', 
4 ' STRAIGHT RIGHT"/) 
DO 1200 KTH=1,NUMLKS 
LKSTOT = LKSToP(KTH,l) + L K S T O P ( K T H , 2 ) 
DELVLl = LKDEl D(KTH,1) / LKVD(KTH,1) 
DELVL2 = LKDEl.D(KTH,2) / LKVD(KTH,2) 
DELVL3 = LKDEl D(KTH,3) / LKVD(KTH,3) 
1200 rvRITE(6»1) K T H » L K S T O P ( K T H » 1 ) ,LKSTOP(KTH'2) ,LKSTOT,LKMAXQ(KTH, 1) , 




5 F0RMAT(//,23H INTERSECTION ID NUM8ER, T1»/»12H0INPUT LTNKS,6X, 
1 11HVEHICLE VOLliME,l0X,9HMAX QUEUE,1IX,13HVEHICLE DFLAY,12X» 
2 17HDELAY PFR VEHICLE»/'1<+X , ?2HLANE 1 LANE 2 TOTAL,«+X, 
3 11HLANE 1 LANF 2»2<*+X,22HLANE 1 I ANE 2 TOTAL),/) 
6 F0RMAT(I7» / tX,2l8,l9»2T6»3X»2lfl,I9,2X,?F8«2,F9«2) 
7 F0KMAT(30X»6H- ,6«+X,6H— -,/,21M TOTAL INTERSECTION » 
1 8HV0LUME = ,I7,23X,40HAVERAGE INTERSECTION DELAY PFR VEHICLE =, 
2 F7.2) 
8 F0RMAT(/////,32H AVERAGE LINK DELAY FoR SYSTEM = F7.2) 
9 FORMAT(29H1INTERSECTION OUTPUT SUMMARY.) 
wRITE(6,9) 
NTOT = 0 
NDTOT = 0 
DO 1275 NTH=l,NUMNOS 
IF(N0TYPE(NTH) .LT. 3) GO TO 1275 
NlNT = 0 
NDEL = .0 
WRITE(6,5) NOIDNO(NTH) 
ITH = NOSIG(NTH) 
DO 1250 II = l,i. 
KTH = SIGINP(TTH,II) 
LKVTOT = LKVL (KTH, 1) + LKVL(KTH,2) 
NlNT = NlNT + LKVTOT 
LKDELT = LKDEL(KTH,1) • LKDEL(KTH,2) 
NDEL = NDEL + LKDFLT 
DELVLl = LKDEL(KTH,1) / FLOAT(LKVL(KTH,1)) 
217 
DELVL2 = LKDEL(KTM*2) / FL0AT(LKVL(KTH*2 ) ) 
DELVLT = LKDELT / FLOAT(LKVTOT) 
1250 WRITE(6*6) K T H * L K V L ( K T H * 1 > * L K V L ( K T H * 2 ) • L K V T O T • L K M A X Q ( K T H » 1 ) * 
1 LKMAXQ(KTH r 2 ) ' L K D E L ( K T H . l ) , L K D E L ( K T H * 2 ) . L K D E L T . 
2 DELVL1»DELVL2»DELVLT 
NTOT = NTOT • NlNT 
NDTOT = NDTOT • NnEL 
DEL = NDEL / FLOAT (NlNT) 
wRITE(b*7) NlNT#DFL 
1275 CONTINUE 






C . . . . . PERIOD RY PFRIOD OUTPUT GENERATOR * LKSOUT I S AM ARRAY 
C TELLING THE DESIRED OUTPUT L I N K S . 
C 
INCLUDE DEFINS 
DIMENSION L K S O U T ( U ) » N t ( 4 ) » A V G l ( 4 ) » X I ( u ) » L 1 ( 4 ) » L L 1 ( 4 ) . L S I ( 4 ) * L R l ( 4 ) 
1 » D E L 1 ( 4 ) » N L 1(4)# N S 1(4)» N R l ( u ) » D E L Y l(4) 
DATA LKSOUT / 1 * 3 , 0 * 0 / 
PARAMETER N=2 
GO TO ( 1 0 * 2 0 ) » I 
10 CONTINUE 
WRITE<6»4) 
DO 15 I I = 1 » N 
Ll(lD= 0 
D E L 1 ( I I ) = 0 
L L 1 ( I I ) = 0 
L S 1 ( I I ) = 0 
15 L R K I I ) = 0 
RETURN 
20 WRITE(6»1) CLOCK,MUMVFH 
DO 30 I I = 1 » N 
MM = LKSOUT( I I ) 
L I P = LKVL(MM,1) + LKVL(MM,2) 
N 1 ( I D = L 1 P - L 1 ( I T ) 
L 1 ( I D = L 1 P 
N L 1 ( I I ) = L K V D ( M M » 1 ) - L L 1 ( I I ) 
L L K I I ) = L K V D ( M M * 1 ) 
N S l ( I I ) = L K V D ( M M * 2 ) - L S l ( I D 
L S K I I ) = L K V D ( M M * 2 ) 
N R K I I ) = L K V D ( M M » 3 ) - L R 1 ( I D 
L R K I I ) = L K V D ( M M * 3 ) 
IDELP = LKDEL(MM,1) + LKDEL(MM,2) 
D E L Y l ( I I ) = l D E L P - D F H ( l D 
D E L 1 ( I I ) = I D E L P 
AVG1( I I )=DELY1 ( I D / N K I I ) 
X 1 ( I D = IDFLP/FL0AT(L1P) 
30 WRlTE(b»2) L I P * ( L K V D ( M M » J ) • J = l , 3 ) » 
1 I D E L P r X K H ) * N l ( I I ) , N L l ( l I ) , w S l ( I I ) , NR 1 < 11) * AVGl (11) 
PUNCH 3 » C L O C K , N U M V E H » ( ( N l ( 1 1 ) , A V G 1 ( I I ) , X I ( 1 1 ) ) , I I = 1»N> 
RETURN 
1 FORMAT(/,9H CLOCK = * l 7 r l 3 H NUMVEH = *H) 
2 F O R M A T ( 1 0 X * 1 6 , 3 1 5 , 1 8 » F l O » 2 * I l n , 3 1 5 * F 8 . 2 ) 
218 
3 F 0 H M A T U 7 , I 5 r M l 5 , 2 F 6 . * > * 
4 FORMAT(1H1,12* , I OHC U M U L A T I V E , 1 f l X » 7 H C U R R E N T , 7X,11HLAST P E R I O D » / » 
1 13X»25HV0L LF ST RT DELAY,7X,3HM0E*7X, 




C THIS FUNCTION GENERATES THE TIMF BETWEEN ARRIVALS 
C AT THE NTH NODE. AN EXPONENTIAL TIME BETWEEN 
C ARRIVALS IS ASSUMED• 
C 
INCLUDE DEFINS 
TBAGEN = - N O P A R S ( N T H » 1 > * A L O G ( R N l ( N O S E E D (NTH)>> 
RETURN 
E N D 
SUBROUTINE V C HA I N ( J T H , I T I M E ) 
C 
C THIS SURROUTINE PUTS THE JTH VEHICLE ON THE 




C IF CHAIN IS EMPTY, PUT AT HEAD. 
C 
iFtMOVFST .NE . 0) GO TO 10 
C 
MOVFST = JTH 
MOVTIM = ITIME 
V E H N X T ( J T H ) = 0 
RETURN 
C 
C IF TIME FOR FIRST VEHICLE IS L E S S THAN I T I M E , 
C MUST BRACKET A PLACE ON THE CHATN• 
C 
10 I F ( V T I M E ( M O V F S T ) . L T . I T I M E ) G O T O 2n 
VEHNXT(JTH) = MOVFST 
MOVFST = JTH 
MOVTIM = IT IME 
RETURN 
C 
C BRACKET A SPOT ON THE CHAIN. 
C 
20 JTHLST = MOVFST 
25 JTHP = VEHNXT(JTHLST) 
1F(JTHP .EQ. 0) GO TO 30 
IF (VTIME(JTHP) .GF . IT IME) GO TO 30 
JTHLST = JTHP 
GO TO 25 
C 
C POSITION FOUND, PUT ON CHAIN. 
C 
30 VEHNXT(JTHLST) = JTH 
VEHNXT(JTH) = JTHP 







1 FORMAT(• VEGEN SUBROUTINE*•) 
VEGFLG = 0 
NTHLST = (1 
NTH = VEGIND 
C 
C SET UP NEXT NODE TO SEARCH, THEN CHECK CAPACITY OF 
C THIS OUTPUT LINK. 
C 
100 NTHNXT = NOGNXT(NTH) 
KTH = NOOUTP(NTH) 
110 IF(LKCAP(KTH) .LE. LKCONT(KTH)) GO To 600 
C 
C FIND AN AVAILABLE VEHICLE AND FTLL PARAMETERS. 
C 
LKCONT(KTH) = LKCONT(KTH) + 1 
NUMVEH - NUMVEH + 1 
IF (NUMVEH .GT. MAXVEH) CALL DlJMPUTH* • VEGEN ' • »MAXVEH» »27> 
DO 200 JTH=1»MAXVFH 
IF(VDSP(JTH) .EQ. 0) GO TO 300 
200 CONTINUE 
CALL DUMP(0»*VEGEN * » »MAXVEH* ,31) 
300 VDSP(JTH) = SPDDIS(ISEED) 
VSTATE(J T H ) = 0 
VLK(JTH) = KTH 
V L K T I M ( J T H ) = CLOCK 
X = RNKISEED) 
DO 310 I=l»2 
IF(X .LE. LKPROB(KTH#I)) GO TO 320 
310 CONTINUE 
VTURN(J T H ) = 3 
V L A N ( J T H ) = LKLANS(KTH) 
GO TO 350 
320 VTURN(J T H ) = I 
IF(I .EQ. 2) GO TO 330 
V L A N ( J T H ) = 1 
GO TO 350 
330 V L A N ( J T H ) = RNl(lSEED) * LKLANS(KTH) + 1 
350 ILANE = VLAN(JTH) 
VTIME(J T H ) = L K L N G ( K T H ) * 10 / V D S P ( J T H ) • CLOCK 
IF(VTIME ( J T H ) .LT. LKARVT(KTH,TLANE) + 10) VTIME(jTH) = 
1 LKARVT ( K T H »TLANE) + 10 
VTIME(J T H ) = V T I M F ( J T H ) / 10 * 10 
LKARVT(KTH»ILANE) = V T l M E ( J T H ) 
CALL VCHAIN(J T H#VTIME(J T H ) ) 
C 
C SCHEDULE NEXT ARRIVAL AND PUT NODE BACK INTO C H A I N . 
C THIS SUBROUTINE IS CALLED WHEN IT IS TIME TO CRcATE 
C A VEHICLE TO INPUT INTO THE NETWORK. VEGTlM IS THE 
C SCHEDULED ARRIVAL TIME oF THE NFXT UNBLOCKED ARRIVAL. 
C IF V E G F L G NOT EQUAL TO ZERO THEM A VEHICLE IS BLOCKED 
C FROM ENTERING. 
C 
220 
NOCLK(NTH) = NOCLK(NTH) • TBAGFN(NTH) 
C * * * * DyRlTE(6»2) NTH» JTH» K T H » VTIME (JTH) »NOCl K ( N T H ) 
2 FORMAT ( ' FROM NOnE » » I 3 » ' MOVF VEH » . I 4 » ' ONTO LINK » » I 3 . 
1 ' . VEH NEXT MOVE AT ' » I 8 » » NEXT NEd VEH AT' F 8 . 2 ) 
C 
C I F THIS WAS LAST ON THE CHAIN* NO CHANGE NECESSARY. 
C 
IF(NTHNXT .EQ. 0) GO TO 900 
C 
C CHECK FOR RELATIVE CHANGF IN ORDER. 
C 
I F ( N O C L K ( N T H ) .GT. NOCLK(NTHNXT)) GO TO 4oO 
IF(NOCLK(NTH) . L E . CLOCK) GO TO 110 
GO TO 900 
C 
C MUST FIND NEW PLACE ON CHAIN 
C 
400 IF(NTHLST . N E . 0) GO TO 410 
VEGIND = NTHNXT 
GO TO 420 
410 NOGNXT(NTHLST) = NTHNXT 
420 NTHOLD = NTHNXT 
425 NTHNEW = NOGNXT(NTHOLD) 
IF(NTHNEW .EQ. 0) GO TO 500 
I F ( N O C L K ( N T H N E W ) .GE. NOCLMNTH)) GO TO 500 
NTHOLD = NTHNEW 
GO TO 425 
C 
C PUT BETWEEN TWO EVENTS OR AT END OF CHAIN. 
C 
500 NOGNXT(NTHOLD) = N T H 
NOGNXT(NTH) = NTHNEW 
60 TO 610 
C 
C CHECK NEXT NODE. 
C 
6 0 0 NTHLST = N T H 
610 IF(NTHNXT .EQ. 0) GO TO 900 
IF(N0CLK(NTHNXT) .GT. CLOCK) oO To 900 
NTH = NTHNXT 
GO TO 100 
C 
C SET F L A G ANn FIND NEXT U N J B L O C K E D A R R I V A L . 
C 
900 I F (NOCLK (vEOlND) . L E . C L O C K ) r,0 TO 9?5 
C 
C NOTHING DELAYED. 
C 
VEGTIM = IF IX (N0CIK(VFGIND) + q . 9 9 9 9 9 q 9 ) / 10 * 10 
RETURN 
C 
C SOME N O D E WAS BLOCKED* F T N D VEGTIM. 
C 
925 VEGFLG = 1 
NThNEW = NOGNXT(VEGIND) 
950 IF(N0CLK(NTHNFW) ,GT. C L O C K ) GO TO 975 
NTHNEW = NOGNXT(NTHNEW) 
221 
IF(NTHNEW .GT. 0) GO TO 950 
VEGTIM = 2**30 
RETURN 





LINK VOLUMES FOR CLOSED NETWORK 
LIGHT FLOW MEDIUM FLOW HEAVY FLOW 











































4 5 0 . 0 
4 8 0 . 6 
250 .0 
254 .9 
2 5 0 . 0 




2 9 6 . 4 
250 .0 
2 6 7 . 1 
500 .0 
4 2 2 . 6 
5 0 0 . 0 
4 6 6 . 5 
6 0 0 . 0 
4 9 9 . 2 
2 5 0 . 0 
2 2 7 . 1 
2 5 0 . 0 
293 .6 
2 5 0 . 0 
2 9 3 . 4 
2 5 0 . 0 




5 3 9 . 2 
5 3 0 . 3 
554.7 








































4 7 9 . 5 
594 .0 
550 .3 
4 7 8 . 3 
518 .9 
505 .7 
4 8 6 . 4 
5 0 0 . 3 
4 8 3 . 3 
4 9 9 . 4 
442 .6 
4 6 6 . 3 
437 .7 
4 7 9 . 8 
4 2 1 . 2 
4 8 0 . 8 
4 2 1 . 4 
508 .0 
2 4 1 . 1 
2 5 3 . 1 
2 4 9 . 4 







2 6 8 . 4 
2 6 2 . 8 
2 7 7 . 1 
272 .8 
2 7 2 . 2 
2 8 2 . 4 
273 .8 
266 .7 










































7 0 0 . 0 
695 .9 
600 .0 
6 5 8 . 4 
4 0 0 . 0 
3 8 5 . 1 
4 0 0 . 0 
476 .9 
4 0 0 . 0 
4 5 7 . 0 
4 0 0 . 0 
4 4 1 . 8 
400 .0 
4 1 0 . 5 
6 5 0 . 0 
591 .7 
7 5 0 . 0 
620 .6 
7 0 0 . 0 
5 8 8 . 0 
4 0 0 . 0 
347 .9 
4 0 0 . 0 
4 3 7 . 3 
4 0 0 . 0 
4 3 4 . 1 
4 0 0 . 0 
4 4 3 . 8 
4 0 0 . 0 
4 2 0 . 1 
6 2 1 . 2 
6 5 7 . 5 












































7 0 7 . 9 
7 2 2 . 0 
6 7 3 . 4 
7 6 2 . 6 
6 3 6 . 1 
7 5 3 . 2 
6 3 7 . 1 
7 5 1 . 1 
5 9 9 . 3 
6 3 0 . 5 
598 .5 
6 4 2 . 1 
579 .9 
6 3 7 . 0 
5 8 4 . 0 
6 6 8 . 4 
3 7 5 . 2 
387 .6 
389 .6 
4 5 4 . 1 
4 2 3 . 0 
466 .6 
4 1 2 . 1 
426 .7 
374 .5 
4 1 1 . 2 
4 0 8 . 8 
4 0 3 . 0 
4 2 4 . 3 
413 .6 
4 1 8 . 6 
4 3 4 . 4 
422 .6 









































7 5 0 . 0 
803 .9 
9 0 0 . 0 
8 7 6 . 0 
7 5 0 . 0 
8 2 3 . 1 
600 .0 
5 5 1 . 3 
6 0 0 . 0 
6 6 9 . 6 
6 0 0 . 0 
649 .6 
600 .0 
6 2 6 . 1 
600 .0 
5 8 9 . 4 
7 5 0 . 0 
7 8 2 . 1 
9 0 0 . 0 
8 2 5 . 4 
800 .0 
7 2 7 . 5 
6 0 0 . 0 
5 0 6 . 3 
6 0 0 . 0 
6 2 1 . 8 
6 0 0 . 0 
6 1 8 . 4 
600 .0 
6 2 2 . 4 
6 0 0 . 0 
5 8 6 . 3 
7 2 8 . 5 
7 8 8 . 2 
7 1 0 . 0 
7 8 4 . 5 
6 5 5 . 1 








































8 0 3 . 3 
9 1 7 . 9 
9 0 0 . 0 
8 7 9 . 0 
9 4 4 . 1 
8 3 5 . 3 
9 2 1 . 0 
841 .6 
9 1 2 . 3 
763 .11 
773 .7 
7 7 0 . 6 
7 7 5 . 7 
7 5 2 . 8 
7 5 7 . 6 
7 6 3 . 7 
7 8 5 . 9 
5 4 8 . 4 
5 6 2 . 3 
571 .5 
646 .7 
6 2 0 . 9 
6 7 0 . 9 
6 0 6 . 0 




5 9 1 . 3 
6 0 9 . 4 
6 0 1 . 8 
6 0 9 . 0 
6 3 8 . 3 
6 1 4 . 4 
596 .5 
5 4 6 . 1 
5 8 6 . 0 
APPENDIX G 
AUTOCORRELATION FUNCTION OUTPUT 
S A M P L E A u T O C O H K E L A T I O N F U N C T I O N ! C O N T M O D E L - L I N K 1 
F O R M A T S P E C I F I C A T I O N U S E D W A S < 1 7 X . F f , . 0 ) 
0 1 . 0 0 0 0 0 
1 . 3 6 9 7 2 
2 . 1 4 2 9 3 
3 . 0 8 8 8 2 
4 . 0 5 6 7 2 
5 . 0 4 2 3 3 
6 - . 0 0 3 0 5 
7 - . 0 0 2 7 9 
8 . 0 6 2 6 0 
9 . 0 1 7 2 7 
10 - . 0 5 8 1 * 0 
1 1 - . 0 9 2 2 6 
12 . 0 0 7 7 4 
13 - . 0 7 5 8 3 
14 .03831+ 
1 5 . 0 2 4 5 7 
16 - . 0 1 3 0 7 
1 7 - . 0 3 6 6 9 
18 - . 0 7 9 5 0 
19 - . 1 5 1 2 2 
2 0 - . 0 9 3 1 3 
21 - . 0 3 7 2 1 
2 2 - . 0 7 8 3 1 
2 3 - . 0 1 5 2 9 , 
2 4 . 0 2 1 0 7 
2 5 . 0 1 7 7 5 
2 6 .'J8747 
2 7 - . 0 4 8 1 1 
2 8 - . 0 5 0 2 0 
2 9 . o i l ^ o 
30 - . 0 6 3 2 9 
31 . 0 0 6 3 1 
3 2 - . 0 8 0 6 9 
3 3 - . 0 1 7 1 0 
3 4 - . 0 2 6 3 4 
3 5 - . 0 1 3 4 9 
3 6 - , 0 H 7 9 f t 
3 7 - . 1 4 5 4 5 
3 8 . 0 0 9 8 8 
3 9 . 0 1 1 5 9 
4 0 . 0 7 0 1 1 
41 . 0 5 6 8 3 
4 2 . 0 4 5 8 0 
4 3 - . 0 0 9 7 3 
4 4 - . 1 5 7 2 7 
4 5 - . 0 6 8 5 4 
4 6 - . 0 7 4 0 8 
4 7 . 0 1 0 5 8 r o 
r o 
- P 
P A R T I A L A U T O C O R R E L A T I O N F U N C T I O N : C O N T M O D E L - L I N K 1 
1 . 3 6 9 7 2 • ******************* 
2 . 0 0 7 2 2 * 
3 . 0 3 9 0 3 ** 
4 . 0 1 2 4 4 * 
5 . 0 1 4 6 8 * 
6 - . 0 3 2 9 9 • ** 
7 . 0 0 5 4 2 • * 
6 . 0 7 2 4 1 **** 
9 - . 0 3 2 5 5 
• 
*** 
1 0 - . 0 7 1 9 9 ***** 
1 1 - . 0 5 9 0 3 **** 
1 2 . 0 7 7 5 4 **** 
1 3 - . 1 1 0 1 0 ******* 
1 4 . 1 2 7 5 o ' . ******* 
1 5 - . 0 1 9 4 7 . ** 
1 6 - . 0 2 9 6 4 *** 
1 7 - . 0 4 2 7 7 **** 
1 8 - . 0 4 7 7 4 **** 
1 9 - . 1 1 5 1 4 ******* 
2 0 . 0 0 0 5 2 * 
2 1 . 0 3 1 3 5 • ** 
2 2 - . 0 8 3 8 5 . ****** 
2 3 . 0 5 5 1 5 *** 
2 4 . 0 1 6 3 6 * 
2 5 . 0 3 8 9 6 • ** 
r o 
r o 
S A M P L E A U T O C O R R E L A T I O N F U N C T I O N ! C O N T M O O E L -L I N K 5
F O R M A T S P E C I F I C A T I O N U S E D W A S O u X f F A . O ) 
0 1 . 0 0 0 0 0 « 
1 . 0 7 4 5 7 
2 •0l34fl * 
3 . 0 0 6 9 4 . * 
4 - . 1 1 5 7 7 
5 - . 0 2 7 9 5 * . 
6 - . 0 b 9 4 7 ; * . 
7 - . 0 4 9 9 7 . * . 
6 . 0 2 7 6 1 . • * 
9 - . 0 1 8 9 5 . 
1 0 - . 0 4 0 6 7 . 
1 1 - . 0 0 4 7 6 
1 2 - . 0 7 6 3 9 . 
1 3 - . 1 0 5 2 0 
1«* - . 0 1 1 9 9 
1 5 - . 1 2 3 8 9 
1 0 -.0<401l| . * • 
1 7 . 1 1 3 2 8 . , * 
1 8 - . 1 3 2 7 9 * , 
1 9 . 0 0 1 5 2 . 
2 0 - . 0 4 4 8 ? . * . 
2 1 . 0 2 7 9 1 • * 
2 2 . 0 0 1 6 2 
2 3 - . 0 3 4 0 0 . . 
2 4 . 0 8 3 8 4 . • * 
2 5 . 0 5 6 2 6 
2 6 - . 0 2 3 2 6 . * . 
2 7 . 0 2 0 9 3 
2 6 - . 0 1 9 0 3 *• 
2 9 - . 0 2 7 5 2 * • 
3 0 - . 0 9 9 8 0 . 
3 1 . 0 8 8 3 8 • * 
3 2 . 1 4 2 5 0 
3 3 - . 0 2 2 0 4 . * • 
3 4 . 0 2 6 4 0 . 
3 5 - . 0 3 4 5 1 * • 
3 6 . 0 5 5 1 3 . * * 
3 7 - . 0 2 4 6 1 * • 
3 b • 0 u 3 2 5 . 
3 9 - . 1 0 4 8 6 . • • 
4 0 . 0 8 7 4 8 . • * 
4 1 . 1 4 2 8 6 
4 2 - . 0 1 8 0 1 
4 3 - . 1 1 9 0 9 * , 
4 4 - . 1 4 0 2 6 . * . 
4 5 . 0 4 3 4 7 • * * 
4 6 - . 0 2 2 4 0 * . 
4 7 . 0 2 7 2 0 • • * 
P A R T I A L A U T O C O R R E L A T I O N F U N C T I O N : C O N T M O D E L - L I N K 5 
1 . 0 7 4 5 7 • 
2 . 0 0 7 9 6 * 
3 • n u 5 3 A . * 
4 - . 1 1 7 4 5 ******* 
5 - . 0 1 1 0 2 ** 
6 - . 0 5 5 2 1 **** 
7 - . 0 3 9 7 3 *** 
a . 0 2 2 4 1 ** 
9 - . 0 2 5 5 1 • 
. 
*** 
1 0 - . 0 5 1 3 7 **** 
1 1 - . 0 1 1 1 3 • ** 
1 2 - . 0 7 5 3 8 ***** 
1 3 - . 1 0 6 6 5 . ******* 
1 4 - . 0 U 8 6 l ' ** 
1 5 - . 1 3 1 0 4 
. 
******** 
1 6 - . 0 5 3 4 5 **** 
1 7 . 0 9 0 7 ? . * 
. 
***** 
1 8 - . 1 7 3 9 7 ********** 
1 9 - . 0 3 4 9 0 . *** 
2 0 - . 0 7 7 9 0 • 
***** 
2 1 . 0 3 2 7 3 • 
** 
22 - . 0 7 5 5 2 • 
***** 
2 3 - . 0 4 8 5 7 • 
**** 
2 4 . 0 4 9 2 2 • ^ * • 
*** 
2 5 - . 0 0 7 3 2 • 
** 
S A M P L E A U T O C O R R E L A T I O N F U N C T I O N ! U B M O D E L - I.INK 1 
F O K M A T S P E C I F I C A T I O N U S E D W A S < 1 7 X » F 6 . 0 > 
0 1.00000 
1 . 2 9 7 0 1 
2 . 0 8 6 0 ? . 
3 -.0049ft . * , *• 
4 - . 0 6 6 5 4 • * 
5 - . 1 3 8 9 9 * 
6 - . 1 1 7 6 5 * 
7 - . 0 4 7 4 3 
8 - . 0 9 7 8 3 . * 
9 - . 0 5 2 8 0 
10 - . 0 5 6 8 3 . 
11 - . 0 0 9 7 0 
12 . 0 4 1 6 9 * * 13 . 0 4 4 5 4 . * * 
1 4 . 1 0 0 3 8 . , * 
l b . 0 5 6 7 7 . • * 
1 6 . 0 1 3 5 4 . * 
1 7 . 0 0 4 6 6 . * 
1 8 - . 0 8 3 0 0 . * 
1 9 - . 1 8 5 8 4 * 
2 0 - . 1 0 5 0 2 * 
2 1 - . 0 1 2 1 4 . 
22 - . 0 0 8 2 2 
2 3 . 0 2 1 9 6 • * 
2 4 . 1 3 6 2 5 • * 
2 5 . 1 6 5 0 9 • 
26 . 0 7 0 6 1 . 
2 7 . 0 7 2 0 0 • * 
2 6 - . 0 0 3 9 7 . 
2 9 -.1263fl . * 
# 3 0 - . 1 0 4 1 3 * 
3 1 - . 0 8 2 6 6 . * 
3 2 - . 1 5 0 8 9 * 
3 3 - . 1 6 1 5 2 . * 
3 4 - . 0 6 0 1 1 . * 
3 b - . 0 2 3 5 0 * • 
3 6 - . 0 7 4 9 6 * 
3 7 - . 0 8 9 6 4 * 
3 8 . 0 4 7 3 1 • * 
3 9 . 0 5 1 5 5 . 
H O . 0 8 9 0 3 • * 
4 1 . 2 1 9 6 R . 
4 2 . 1 7 3 5 9 
4 3 . 1 0 0 7 5 . * 
4 4 - . 0 2 3 9 3 * • 
4 5 - . 0 0 2 7 7 *• 
4 6 - . 0 6 5 5 0 . * 




P A R T I A L A U T O C O R R E L A T I O N F U N C T I O N : U B M O D E L -L I N K 1 
1 . 2 9 7 0 1 
2 - . 0 0 2 4 1 
-. 0 3 2 7 6 
4 -. 0 6 1 4 4 
5 -. 1 0 9 9 8 
6 -. 0 4 6 8 6 
7 . 0 0 8 6 6 
8 - . 0 9 6 5 5 
9 -. 0 1 4 6 4 
10 -. 0 5 7 6 9 
11 . 0 0 2 1 0 
1 2 . 0 3 6 0 0 
1 3 -. 0 0 1 1 9 
1 4 . 0 6 8 3 0 
1 5 -. o u s a a 
1 6 -. 0 2 1 9 2 
1 7 . 0 1 5 1 0 
1 8 -. 0 9 1 1 6 
1 9 -. 1 4 1 4 1 
2 0 . 0 0 6 8 0 
2 1 . 0 3 0 5 5 
2 2 . 0 0 6 0 3 
2 3 . 0 0 5 3 8 
2 4 . 1 0 2 7 5 
























S A M P L E A U T O C O R R E L A T I O N F U N C T I O N S U B M O D E L - L I N K 5 
F O R M A T S P E C I F I C A T I O N U S E D H A S < 3 4 X # F f t . 0 > 
0 1 . 0 0 0 0 0 • 
1 . 1 3 2 5 6 
2 . 0 4 7 3 8 * 
3 - . 0 1 2 3 8 • 
<• - . 1 6 5 1 9 
5 - . 0 6 0 5 0 • 
6 - . 0 4 2 1 1 
7 - . 0 3 4 3 9 
8 - . 0 1 3 0 0 
9 - . 0 3 5 3 7 
10 - . 0 3 7 0 3 
11 . 0 1 0 2 6 
1 2 - . 0 9 3 5 7 
1 3 - . 0 6 1 8 8 . 
1<» . 0 2 0 2 0 
1 5 - . 0 7 7 2 3 
1 6 - . 1 5 4 6 1 
1 7 . 0 9 4 5 3 
1 8 - . 1 3 4 2 3 
1 9 - . 0 5 2 7 6 
2 0 . 0 4 7 8 4 
2 1 . 0 1 9 0 6 
2 2 . 0 1 6 6 0 
2 3 . 0 6 6 3 7 . 
2 4 . 0 7 7 1 7 
2 5 . 0 5 8 6 1 
2 6 - . 0 1 0 0 2 
2 ? . 0 1 4 6 5 
2 8 - . 0 3 5 5 6 
2 9 - . 1 0 9 5 7 
3 0 - . 0 6 7 9 9 
31 . 0 7 1 5 3 
3 2 . 1 7 4 1 7 
3 3 - . 0 3 2 0 5 
3 4 - . 0 1 2 7 5 
3 5 - . 1 5 3 9 1 
3 6 - . 0 9 9 0 9 
3 7 - . 0 7 8 2 1 
3 8 - . 0 6 0 7 8 
3 9 . 0 5 1 9 6 
4 0 . 1 3 4 5 4 
4 1 . 0 9 6 3 2 
4 2 - . 0 0 0 1 4 
4 3 - . 0 6 3 5 6 . 
4 4 - . 0 2 2 0 8 
4 5 . 0 8 6 0 4 • 
4 6 . 0 3 6 2 0 
4 7 . 0 0 1 2 2 . 
CO 
o 
P A R T I A L A U T O C O R R E L A T I O N F U N C T I O N * . U B M O D E L - L I N K 5 
1 . 1 3 2 5 6 . • ******* 
2 . 0 3 0 8 5 ** 
3 - . 0 2 3 0 5 *** 
4 - . 1 6 5 3 0 ********** 
5 - . 0 1 8 1 4 ** 
6 - . 0 1 8 8 7 ** 
7 - . 0 2 7 2 4 . *** 
8 - . 0 3 1 7 8 • *** 
9 - . 0 4 2 3 3 **** 
1 0 - . 0 3 8 7 3 *** 
11 . 0 1 1 2 0 * 
1 2 - . 1 0 8 6 5 . ******* 
1 3 - . 0 5 9 5 4 **** 
1 4 . 0 2 5 4 3 ** 
1 5 - . 0 8 7 8 4 . ****** 
1 6 - . 1 9 0 3 0 *********** 
1 7 . 1 1 6 8 4 ****** 
1 6 - . 1 7 4 0 6 ********** 
1 9 - . 0 6 1 1 8 ****** 
2 0 . 0 0 6 3 1 . * 
2 1 . 0 1 1 5 3 * 
2 2 - . 0 8 5 0 5 ****** 
2 3 . 0 3 8 5 6 . ** 
2 4 . 0 4 2 6 4 *** 




1 - ^ 
S A K P L E A U T O C o R R t L A T I O N F U N C T I O N ! Z O N F MODEL. - L I N K 1 
F O R M A T S P E C I F I C A T I O N U S E D *A«j < 1 7 X » F 6 . 0 > 
0 l . o o o o n 
1 . 3 0 8 3 1 
z 
. 0 8 0 7 4 • 
3 - . 0 4 9 8 2 * 
4 . 0 0 1 7 3 
5 - . 0 4 6 7 2 . * 
6 - . 0 6 3 8 4 • 
7 - . 0 9 5 3 1 . * < 
8 - . 1 2 0 7 1 
9 - . 0 8 7 7 3 . * , 
1 0 - . 0 4 9 1 7 . * 
1 1 - . 0 6 0 7 9 . * 
1 2 . 0 6 3 6 9 
1 3 . 0 2 1 1 4 
1 4 . 1 0 2 5 5 
1 5 . 0 2 0 8 2 • 
1 6 - . 0 5 8 7 5 * , 
1 7 - . 0 5 3 4 4 . 
1 8 - . 0 1 2 4 2 * a 
1 9 . 0 1 9 7 9 . 
2 0 - . 0 7 7 0 6 
2 1 - . 0 1 7 0 8 *< 
2 2 . 0 5 1 7 3 
2 3 . 0 7 5 7 0 , . 
2 4 . 1 1 4 4 3 
2 5 . 0 1 3 8 4 • 
2 6 . 0 6 3 2 0 • 
2 7 . 1 2 4 2 9 
2 8 . 1 4 3 1 * 
2 9 . 0 5 1 8 1 
3 0 - . 1 1 8 5 0 * , 
3 1 - . 0 6 2 7 1 * 
3 2 - . 0 5 2 3 1 * 
3 3 - . 0 3 3 5 7 . * < 
3 4 - . 0 6 9 4 6 . 
3 5 . 0 7 2 1 9 
3 6 . 0 0 4 4 6 
3 7 - . 0 4 5 9 4 . * , 
3 8 - . 0 1 4 0 1 . *< 
3 9 . 0 9 2 1 0 
4 0 . 1 1 3 2 0 * 
4 1 . 0 3 0 2 7 
4 2 - . 0 5 2 5 7 * 
4 3 - . 0 6 4 0 1 * 
4 4 - . 0 4 1 4 3 . * 
4 5 . 0 1 6 0 8 
4 6 - . 0 7 4 9 7 . * , 
4 7 - . 1 5 4 6 5 » * , 
P A R T I A L A U T O C O R R E L A T I O N F U N C T I O N : Z O N E M O D E L L I N K 1 
1 . 3 0 8 3 1 
2 -. 0 1 5 8 1 
-. 0 7 7 6 2 
«• . 0 4 5 0 6 
5 -. 0 5 9 4 5 
6 -. 0 4 5 1 2 
7 -. 0 6 0 5 ? 
8 -. 0 8 6 1 1 
9 -. 0 2 9 0 3 
10 -. 0 1 8 7 0 
11 -. 0 5 9 6 0 
1 2 . 1 0 1 4 2 
1 3 -. 0 4 1 6 1 
14 . 0 8 7 1 8 
1 5 -. 0 3 9 0 4 
1 6 -. 1 0 2 3 3 
1 7 . 0 0 0 5 9 
1 8 -. 0 0 5 7 6 
1 9 . 0 1 6 4 9 
2 0 -. 0 8 6 2 7 
2 1 . 0 4 0 9 9 
2 2 . 0 7 2 7 9 
2 3 . 0 3 4 0 6 
2 4 . 0 7 2 5 6 























S A M P L E A U T O C O R R E L A T I O N F U N C T I O N ! Z O N F M O D E L - L I N K 5 
F O R M A T S P E C I F I C A T I O N U S E D W A S <3uX»Ffc.O) 
0 1 . 0 0 0 0 0 . • 
1 . 1 3 4 5 3 
2 . 0 1 8 4 0 * • * 
3 . 0 1 9 0 6 . * 
4 . 1 4 1 7 0 
5 - . 0 2 5 1 7 . 
6 - . 0 0 1 7 3 
7 - . 0 6 6 9 3 . 
6 . 0 6 2 2 2 
9 . 0 1 9 4 4 . 
10 . 1 0 6 5 2 
11 - . 0 3 7 3 2 * • 
1 2 - . 0 5 8 2 3 
1 3 . 0 2 8 3 5 • * 
14 . 1 4 0 2 5 . 
1 5 . 0 9 4 2 1 
1 6 - . 0 2 7 5 9 
1 7 - . 0 3 8 0 3 • * • 
ie . 1 1 9 2 2 
1 9 - . 0 0 1 0 6 . *• 
2 0 . 0 3 9 0 6 . • * 
2 1 - . 0 1 7 6 2 
2 2 - . 1 3 7 8 4 
2 3 - . 0 1 2 8 2 , . 
2 4 - . 0 7 1 8 2 
2 5 - . 0 9 9 7 7 
2 6 - . 0 3 4 9 n * • 
2 7 - . 0 0 0 8 6 
2 8 - . 0 0 4 9 3 . 
2 9 . 0 1 0 3 2 • 
3 0 - . 1 0 4 5 1 * . 
3 1 - . 2 2 9 3 1 . 
3 2 - . 0 6 2 6 0 . * . 
3 3 - . 0 4 0 1 6 * . 
3 4 - . 0 8 8 9 0 . * , 
3 5 - . 0 6 0 0 0 . * . 
3 6 - . 0 5 8 4 9 * . 
3 7 - . 0 7 2 3 8 . * . 
3 8 - . 0 0 4 4 5 . 
3 9 - . 1 6 2 3 0 
4 0 - . 0 4 7 6 1 
4 1 - . 1 3 6 6 0 
4 2 - . 0 8 1 8 3 
4 3 - . 0 7 0 6 0 * . 
4 4 - . 0 6 0 7 6 . * , 
4 5 - . 1 5 7 2 3 
4 6 - . 0 4 1 8 0 . 
4 7 . 1 1 6 5 5 
NO 
G O 
P A R T I A L A U T O C O R R E L A T I O N F U N C T I O N : Z O N E M O D E L - L I N K 5 
1 , 1 3 4 5 3 • ******* 
2 . 0 0 0 3 1 • * 
3 . 0 1 6 8 5 . * 
«. . 1 3 9 4 7 ******* 
5 - . 0 6 5 0 2 • ***** 
6 . 0 0 8 5 0 
• 
* 
7 - . 0 7 2 2 4 ***** 
6 . 0 6 4 6 5 **** 
9 . 0 1 5 9 3 
• 
* 
1 0 . 1 0 4 3 8 • • ****** 
11 - . 0 5 1 2 1 • 
**** 
1 2 - . 0 7 4 9 5 ***** 
1 3 . 0 4 9 2 0 . • 
*** 
1 4 . 1 0 5 0 9 • 
****** 
1 5 . 1 0 0 3 6 • 
****** 
1 6 - . 0 4 9 4 0 . • 
**** 
1 7 - . 0 4 1 9 7 • 
**** 
1 6 . 0 6 3 5 4 ***** 
1 9 - . 0 4 7 6 1 • 
**** 
2 0 . 0 7 8 4 4 . • 
**** 
2 1 - . 0 0 9 4 2 . ** 
2 2 - . 1 7 6 5 9 ********** 
2 3 . 0 1 4 2 8 * 
2 4 - . 1 2 5 2 3 ******** 
2 5 - . 0 4 3 8 9 . **** 
co 
cn 
S A M P L E A U T O C O R R E L A T I O N F U N C T I O N S N E X T M O D E L - L I N K 1 
F O R M A T S P E C I F I C A T I O N U S E D W A S ( 1 7 X » F 6 . 0 » 
0 1 . 0 0 0 0 0 • 
1 . 2 1 5 3 0 
2 - . 0 3 2 b 6 * * 
3 - . 0 0 7 1 8 
4 - . 0 1 7 9 9 
5 - . 0 2 7 5 7 * • 
6 . 0 3 1 6 4 • * 
7 . 0 2 5 8 5 • * 
8 . 0 8 4 5 6 • . * 
9 - . 0 1 9 2 3 
1 0 - . 0 3 5 4 6 * • 
1 1 - . 0 5 3 6 3 
1 2 - . 1 2 6 5 6 * 
1 3 - . 0 3 9 5 5 * • 
1 4 . 0 4 8 4 6 * * 
1 5 - . 1 5 0 0 7 * 
1 6 - . 0 0 4 6 0 . *• 
1 7 . 0 7 0 3 5 
1 8 . 0 9 4 1 1 . * 
1 9 - . 0 7 0 1 0 * 
2 0 - . 0 7 2 3 6 * 
2 1 - . 0 7 2 9 3 * 
2 2 - . 1 1 9 9 7 * 
2 3 - . 0 7 3 6 6 , . * 
2 4 . 0 0 5 3 9 * * 
2 5 . 0 0 6 8 0 * 
2 6 . 0 6 9 9 5 . * 
2 7 . 0 0 7 3 1 * 
2 6 - . 0 0 7 4 1 
2 9 . 0 5 7 1 0 • * 
3 0 . 0 6 2 3 0 . 
31 - . 0 2 7 2 9 * • 
3 2 . 0 2 4 2 2 
3 3 . 0 8 4 7 4 
3 4 . 0 5 2 6 1 . * 
3 5 - . 1 3 6 3 1 * 
3 6 - . 0 5 4 6 9 
3 7 - . 0 6 7 5 5 . * 
3 8 - . 0 6 0 8 6 . * 
3 9 - . 0 1 0 1 8 
4 0 . 0 6 0 7 1 . 
4 1 - . 0 9 7 9 3 * 
4 2 - . 1 0 2 8 7 * 
4 3 - . 1 2 2 0 2 * 
4 4 - . 0 0 0 2 4 . ** 
4 5 - . 0 8 1 8 9 * 
4 6 . 0 5 0 9 ? . • * 




P A R T I A L A U T O C O R R E L A T I O N F U N C T I O N : N E X T M O D E L - L I N K 1 
1 . 2 1 5 3 0 • *********** 
z - . 0 8 2 8 5 ****** 3 . 0 1 9 2 9 • • 
4 - . 0 2 4 6 2 '*** 
5 - . 0 1 8 8 A ** 
6 . 0 4 2 3 8 *** 
7 . 0 0 6 5 5 * 
B • 0 8 6 1 2 . • ***** 
9 - . 0 6 0 9 3 ***** 
1 0 - . 0 0 7 4 2 • ** 
11 - . 0 4 9 7 ? • **** 
1 2 - . 1 1 1 7 7 ******* 
1 3 . 0 1 3 7 5 * 
1 4 . 0 3 3 4 1 . ** 
1 5 - . 1 6 4 1 6 *********** 
1 6 . 0 7 6 3 6 **** 
1 7 . 0 4 1 5 0 *** 
1 8 . 0 9 1 9 9 ***** 
1 9 - . 1 1 1 0 7 ******* 
2 0 - . 0 1 8 0 7 ** 
2 1 - . 0 6 0 6 3 ***** 
2 2 - . 1 2 4 6 3 . ******** 
2 3 - . 0 0 2 7 8 . ** 
2 4 - . 0 3 5 3 0 . *** 
2 5 - . 0 0 8 7 5 * ** 
S A M P L E A U T O C O R R E L A T I O N F U N C T I O N S N E X T M O D E L - L I N K 5 
F O R M A T S P E C I F I C A T I O N U S E D W A S O < . X » F 6 . 0 > 
0 1 . 0 0 0 0 0 
1 - . 0 4 3 2 6 * 
2 - . 0 3 2 5 9 * < 3 . 0 5 9 7 5 . 
4 . 0 8 0 9 7 . 
5 - . 0 8 6 7 5 * 
6 . 0 8 2 2 4 . 
7 - . 1 1 5 5 6 * 
8 . 0 0 9 3 6 
9 - , u 3 2 l 4 * < 10 - . 0 2 0 1 4 . 
11 . 0 1 6 2 8 • 
12 . 0 4 2 7 4 . 
13 - . 0 7 1 1 5 * 
1 4 . 0 4 5 7 0 . 
1 5 . 0 5 3 6 7 
1 6 -.(J241H * < 
1 7 - . 0 2 2 6 8 * < 
1 8 . 0 3 6 0 0 . 
1 9 . 1 0 1 7 5 
2 0 . 2 0 7 1 0 . 
2 1 - . 1 5 3 6 6 * 
2 2 - . 1 4 2 7 3 * 
2 3 - . 1 1 5 7 9 , * a 
2 4 - . 1 5 3 3 7 * 
2 b - . 0 1 9 6 7 . *< 
2 6 - . 0 6 9 9 6 * 
2 7 - . 1 6 5 7 5 * 
2 8 . 0 2 1 5 1 
2 9 - . 0 4 4 8 6 * 
3 0 - . 1 0 9 8 4 
3 1 . 1 6 5 7 7 
3 2 - . 1 1 1 7 0 
3 3 - . 0 9 2 8 4 
3<* - . 0 3 3 7 5 * a 
3 5 . 0 3 9 3 8 
3 6 - . 0 6 8 4 3 * 
3 7 . 0 4 0 8 5 . 
3 6 - . 0 7 9 0 6 
3 9 - . 0 0 8 4 6 * a 
4 0 . 0 3 4 9 1 
4 1 - . 1 5 0 4 8 * 
4 2 - . 0 8 2 0 6 
4 3 . 0 1 2 0 5 
4 4 . 0 8 7 7 5 
4 5 . 0 2 6 9 3 
4 6 . 0 8 6 7 9 
4 7 - . 0 2 6 6 9 • * a 
P A R T I A L A U T O C O R R E L A T I O N F U N C T I O N : N E X T M O D E L - L I N K 5 
1 - . 0 4 3 2 6 • **** 
ro
 
- . 0 3 < * 5 2 *** 
3 . 0 5 6 9 7 *** 
4 . 0 8 5 4 9 . ***** 
5 - . 0 7 6 5 0 ***** 
6 . 0 7 8 0 5 . • 
**** 
7 - . 1 2 6 9 < . ******** 
6 . 0 0 9 9 5 . * 
9 - . 0 3 7 6 0 *** 
1 0 - . D 2 7 2 ? • *** 
1 1 • 0 4 6 4 6 • *** 
1 2 . 0 1 9 8 8 * 
1 3 - . 0 3 9 0 0 *** 
1 4 .02521. 
* ** 
l b . 0 4 7 1 1 *** 
1 6 - . 0 1 7 9 0 ** 
1 7 -.0201ft *** 
1 6 . 0 1 4 0 9 * 
1 9 • 1 2 0 8 2 ******* 
2 0 . 2 2 5 7 1 ************ 
2 1 - . 1 4 3 8 5 ********* 
2 2 - . 1 6 8 9 6 ********** 
2 3 - . 2 1 3 7 2 ************ 
2 * . - . 2 1 6 6 9 ************ 
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